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Flexibility in Application 
Versatility in design... 


packaged 


anal oo-di ortal 
converters 


Shaft Position to Digital Converters features 
reliability, long life, non-ambiguity and speed 
makes these converters ideal for computers or 
data handling systems where serial read-out is 
preferred. Librascope converters transmit infor- 
mation at almost any rate desired up to 1 me and 
in some cases above, and may be multiple time- 
shared, holding extra circuitry to a minimum. 
All units quickly adjustable, syncro-mounted. 
Available in Binary, Gray code or Binary deci- 
mal code as shown in chart below. Special units FEATURES: 


may be designed to your order. 


Write for catalog information. Unique, staggered double 
brush pick-off system 


Reads out serially into 


RESOLUTION PER RESOLUTION DIMENSIONS relays or single or multiple 
INPUT SHAFT REV. OVER FULL RANGE DIAMETER X LENGTH scan matrices. 





7 digit 128 1 part in 128 2” x 24%," Analog-digital or digital 
je * — analog operation 

13 digit 128 1 part in 8192 2”x3'%, 

17 digit 128 1 part in 131,072 2” x 41h,” May be time-shared 

19 digit 128 1 part in 524,288 2° x 4'h,” 


BINARY 


* Syncro-mounted 





0-2000 200 1 part in 2000 3," x 42%,” Associated circuitry can be 
BINARY 0.3600 00 I part in 3600 ae X4%" designed to fit your 
CODED 0-20,000 200 1 part in 20,000 35" x47,” data-handling problems 


DECIMAL 0-36,000 200 1 part in 36,000 3\,"x6%” 





GRAY 256 1 part in 256 34,"x 1%,” 














* SPECIAL Precision gearing Life Expectancy: Function of lead current. 
UNITS Shaft Speed: 120 rpm continuous For 13 digit unit @ 2 ma. per brush, life approx. 


Operating temp: —55° C to +-75° C 5x10* breaks or makes at approx. 120 rpm. 
AVAILABLE Shock and Vibration: up to 15 G, 5 to 500 cps. - “ 





Engineers, physicists and mathematicians 
interested in challenging California careers, 
contact Mac McKeague, Personnel Director. 


IBRASCOPE 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION COMPUTERS, COMPONENTS AND CONTROLS. 


LIBRASCOPE, INC.  8O8 WESTERN AVENUE «+ GLENDALE, CALIFORNIA 





STEERING 
COLUMN PILOT SPOOL 
DISPLACEMENT 1 DISPLACEMENT 
STEERING I 
TORQUE STEERING h, 
HUMAN COLUMN + VALVE 


OPERATOR DYNAMICS DYNAMICS 


RESTORING 
TORQUE 


RESTORING 
VISUAL ROAD penal 
CURVATURE 
PRESENTATION CHARACTERISTICS 








DISPLACEMENT 


VELOCITY 
INTEGRATOR 





HEADING WHEEL ANGLE POWER SPOOL 
ANGLE ROA ; ate \e 3 DISPLACEMENT 


CHARACTERISTICS 




















/'s\ solves control problems 


HERE’S A GOOD STEER — for the automotive industry, or ANY 
industry! Set up any problem, inject your own variables—and 
throw away empirical “guesswork”! 


GEDA, versatile analog computing equipment built by Goodyear 
Aircraft Corporation, facilitates the analysis and solution of 
difficult control and engineering design problems. 


Engineers in a host of industries—including petroleum, steel, 
chemical, ordnance, electrical and aeronautics—have used 
GEDA to explore new avenues of approach and solve long- 
standing “stumpers.” 


The savings in man-hours and in time-consuming hit-or-miss 
experimentation, have been spectacular. 


The quality and flexibility of GEDA has placed it foremost in its 
field because of the many interchangeable plug-in computing 
units available and the unrivaled range of problems that can be 
readily solved. 


The ease of operation makes GEDA a valued partner and vital 

engineering tool of creative development men—requires no learn- 
ing of specialized mathematics, delivers 
results in wave forms and voltages for easy 
translation into design decision. 


Write for FREE Catalog which describes the complete 


ANALOG COMPUTERS Cm line of GEDA “Advanced Design” Computing 


. Equipment: Goodyear Aircraft Corporation, 
— best way to give your Dept. 931GD, Akron 15, Ohio. 


hunch a chance ! GEDA-—T. M. Goodyear Aircraft Corporation, Akron 15, Ohio 


GOOD/ YEAR AIRCRAFT 
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MULTI-GATE—A Proven Data Transmission “Pipeline” 
for 


ma ¢ 


ee at yo FFE ith 4 
he = ie 


=> git 


Control Engineers tell us the most importa, part of any 
remote supervisory control system is the “pi#peline”—the means 
by which data is sent from control point “A”Wo operating 

point “B”. And these same control engine@ tell us our 
MULTI-GATE Systems have proven themsel¥§s as compact, 
efficient, and dependable “pipelines.” @ 


The MULTI-GATE system provides complet& on-off” ” or 
“raise-lower” control and report-back indicatidM of practically 
an unlimited number of remote switches for val%es, pumps, 
lights, power transfer and other functions, as @ell as alarm 
indication. Pipelines, refineries, chemical plant@§railroads, 
public utilities and many other industries are ing 
MULTI-GATE an efficient, money-saving tool. Allgheir control 
operations can be performed over a single 

communications circuit. a 


When used with telemetering equipment, simultanegus control 
and remote metering of such quantities as flow, te rature, 
pressure and electrical quantities are available over##he same 
circuit—radio, microwave, wire or carrier—because ll 
operations are performed by audio tones. % 


The transmitter and receiver terminals pictured at th@jright 
are typical of Hammarlund MULTI-GATE equipment! hese 
units, designed for a 42 function system (21 “on-off” 
operations), take little space and are a 
readily accessible when mounted in 

a standard 19-inch rack. 


* 
Cenrrauizen ‘rs em J 


trolling and metering of 


For details write The Hammarlund 


& 
% 
any number of rem 
Manufacturing Co., Inc., 460 West 5 Orcrations : ne 


functions from central 
34th Street, New York 1, N.Y. ct f ent £ 
Ask for Bulletin CC-8 


operation points 


Controt for efficiency, speed & 


and economy. 
% (trademarks pending) ro 
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Keep Water Pressure Constant through 
Pump Control Bruce A. James 


Measure Motion to 0.0001 In. without 
Friction or Wear J. H. Brown 


What’s Available for High-Pressure Control W. H. Howe 


Make the Best of Analog Computer 
Components Charles D. Bock 


The Right Records Protect Your 
Patentable Ideas Leonard H. King 


How Temperature Affects Instrument 
Accuracy Robert Gitlin 


C-G Control Copes with Shifting Fuel R. L. Bergeson 
Tiny Hydraulic System Acts like Super Two-Way Solenoid 





Fast ‘Temperature Follower Measures Stress Energy G.L. Smith 
Flame Detector Pays No Heed to Heat R. E. Carbauh 


Control Personality — Jack Johnston 

Industry’s Pulse — Controls Pace Southeast Industrialization 
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DAVIS 


a complete line of 


GAS 
ANALYSIS 
SYSTEMS 


operating by catalytic com- 

bustion,; electro-conductivity, 

thermal conductivity, and 
photochemical reactions. 


Continuous 
ELECTRO- 
CONDUCTIVITY 
GAS ANALYZER 


Continuous 
COMBUSTIBLE 
GAS ALARM 

SYSTEMS 


Send for Bulletin 11-36 


PHOTOCHEMICAL 
— OXYGEN 
; > 3 ANALYZER 


C8 = 
ay 


Send for Bulletin 11-40 


INSTRUMENT 


OVS 


DIVISION 


DAVIS INSTRUMENTS 
265 Halleck St., Newark 4, N. J. 


Progressive Manufacturers of 
Gas Analysis Instruments 
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SHOPTALK 


RUSS FINDS FEEDBACK EVERYWHERE 
Russ Berg, Conrron ENGINEERING’ ardent New England- 
New York space salesman, wastes no opportunity to pick 
the brains of top technical men. Recently, while sipping 
cocktails in a clubroom overlooking the Charles River, an 
MIT notable remarked to him: “Fe 


“Feedback applies to every 
form of human endeavor.” 


That stirred Russ’s imagination 

so much that he hurried back to his hotel room and worked 

out the following block diagram showing feedback in a 

generalized business operation: 
Comporotor 


(soles figures) 


Lood disturbances 
(the economy, competition, etc.) 


Desired Reguloted 
stote voriable 
($ oF unit) (Market oe 
soles output) 
(The market) 











Monipuloted voriable 
Your company’s complete effort 
Product design ond development 
Soles effort 
Distribution 
Advertising } 
(Your compony) Pricing | 











Regulator 

















No wonder our editors sometimes find it hard to keep up 


with Russ’s bustling intellect. 


LIKE FATHER, LIKE BRAINCHILD 

Editors often get privileged glimpses of the minds of 
great men. A case in point occurred during Ray Auger’s 
visit last month to Bell Labs. One computer expert there 
reached in a drawer and whipped out a long strip of paper. 
“This is an electro-encephalograph,” he said. “What do you 
think of it?” Ray noted that one of the two wavy traces on 
the paper was very irregular, whereas the other had long 
straight periods broken by little steps. Still, both had roughly 
the same amplitude and frequency. “What about them?” he 
asked. ““This line,” replied the expert, pointing to the very 
irregular trace, “is the brain wave of Claude Shannon; the 
other comes from the machine behind you.” 


TEXANS AREN‘’T ACCOMMODATING 


As our last issue went to press, Ed Kompass returned from 
a three-week tour of Texas. He capped his trip by keynoting 
a session of the Dallas-Fort Worth Section, IRE, sectional 
meeting in Dallas, which was the first get-together of any 
‘RE Professional Group on Automatic Control. Only once 
did Texans fail to extend him their famed hospitality. He 
wrote ahead to reserve a room at the new Statler in Dallas 
and got this reply: “It is with regret that I inform you that 
the Hotel Statler. ..is under construction, and we antici- 
pate completion around October 1 of this year.” Didn't 
even offer to hurry up and finish the building for him. 





per foot. In fr ncies handled, iéom- 


HELP WANTED! 


We have developed a portable antimi- 
crophonic cable. It is unusual in many 
respects. The most unusual feature is that 
the insulation will not produce spurious 
voltages when compressed, deformed, or 
subjected to violent shock. 

It has very low capacitance. For ex- 
ample, a single-conductor No. 16 has a 
capacitance of only 25 micromicrofarads 
per foot. In frequencies handled, it com- 
pares with the “RG” cable types for 
attenuation. 

This type of cable should be used 
whenever extremely precise measure- 
ments are to be made with delicate in- 
struments. That’s just the point — we 
don’t know just who wants to make such 
precise measurements. 

Do you know of an application for a 
cable like this? We will be most grateful 
for any suggestions. Please send any sug- 
gestions to 





Box F — Market Research Department 


SIMPLEX WIRE & CABLE COMPANY 
79 Sidney Street, Cambridge 39, Mass. 








SIMPLEX WIRE & CABLE C0., 79 Sidney St., Cambridge 39, Mass. 
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FEEDBACK 


Addendum in the past few years, as evidenced by 
| To tue Epiror the number of companies that now 
In reference to the article “Where '™ake and sell such systems. The need 
* CONTROLLED is Electronics Used in Control” in the of a and more accurate batch SYS- 
‘ | February 1955 issue, I find that one —te™s for the sake of economy is becom- 
\ STEPPING | of the newest and the fastest growing ‘1S More and more apparent to those 
\ applications of electronic control is of us in the industry. 
omitted, and that is, its use in the Richard K. Brugler 
Construction Industry. Warren, Ohio 
The automation of batching equip- 
| ment where the various materials used = We shall gladly modify our editorial 
in making concrete are weighed auto- _ output in response to such constructive 
matically has increased tremendously feedback from our readers.—Ed. 


PROBLEM FORUM 


A group steadily increasing in number beyond 20,000 at- 
tends this forum every month. Submit your control engineer- 
ing problem to their accumulated 150,000 man-years of 
experience in all the widespread areas of our field. We offer 
cash for challenging problems and outstanding solutions. 


Controlled shaft rotation in 2° incre- 
ments through 360° in both cw and | . 
cew direction. Rates up to 60 steps | | Fig. ! R, 7 

per second. Standard models avail- ° WW LHH00 — 
able with any combination of the pasha 
following features... , 

















O° 














Equivalent circuit of one phase of two-phase inductance motor. Fig. 1 


The Situation: DC current is suddenly R. = effective rotor resistance 
applied to one phase of a two- Ve —N 
phase induction motor S = slip "Ns 
Pulsed, con- Calculate: ‘The braking Ns = synchronous rpm 
trolled stepping — W ogee rpm 
I 


to 60 steps/second. a = branch current shown in Fig. | 
Continuous Ihe formula for the torque devel- : 
R, = phase resistance 


automatic stepping. ove y ) ee E- xtc O 2 

Automatic return oF pets * scr derived in texts on L, = phase leakage inductance 

to homing points. _ 79 Ry = equivalent core loss resistance 
= air gap inductance 


droog os . 1352), Rs ia Lu 
=n 2 4 s 
ee . 4 I. = rotor leakage inductance 


Ns = = 


where m = number of phases The absence in the derivation of any 
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restriction on frequency means that 
the de case can be studied by allowing 
the frequency to approach zero. 


Ns = ~~ Eq 2 H AZAR DS 


where P = number of poles 
and ff = carrier frequency 


120f — PN 
w) - sS= . 
then 120/ 


1 R: ao 120fR: E 3 
anc s = i20f — PN WG « 


which approaches 
20fR» , 
= a at low frequency. Eq 4 
This term approaches zero with f. 
Consequently, the branch containing 
R./S is not short-circuited by L,,, but 
takes a definite portion of I,. Then 














) 
=“ 120fR feria . I, Eq5d 
_ PN + j2af(Le + La) 











The power in R,/S is found for bal- 
anced two-phase operation by sub- 
stituting Equation 5 in Equation 1 











\ (2xLy)? ] 
T| = —2704¢ - eal 4 Ti? Rs Eq 6 


PN N 


[2 (Le T Ly)? 





As the dc current applied to one 
phase corresponds to the instantane- 
ous ac condition of maximum in-phase 
current and zero current in the quad- 
rature phase, I, must be replaced by 


Ine FOR ROTATING ELECTRO-MECHANICAL 
ies in Equation 6 and ASSEMBLIES TO WITHSTAND SEVERE 
clearing, ENVIRONMENTAL HAZARDS... 


issaran( Incl?) CALL PMI 


en [a iti a tw) | Slip Ring (Collector Ring) Assemblies we 
have made surpass severe shock, vibration, 
and water test conditions of MIL-E-2036A 


Fig. 2 and MIL-T-17113; trouble-free operation at anaes See? 
: ‘ Internal components of 
60,000 feet; resists fungus and corrosion. S.R.A. designed to withstand 
’ high and low temperature 
passed 200-hour salt spray test. Call P MI range — humidity — salt 
for f timate and still oct toon We ak 
™ emia . 390-490 R.P.M. 











— Drag (oz.-in.) 

















—> N (rpm) — P M INDUSTRIES, INC. 
Drag vs speed for two-phase servomotor - ¢ ee ee 
with de on one phase. FIG. 2 : ee Sa, eens 
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Yes, you get more for 

your relay dollar from 
Comar. You get top 

quality relays, precision 
engineered for peak 
performance. You get 
dependable relays, job-tested 


and job-proved. 


You get relays ‘‘custom- 
manufactured’ to your specs. 
You get the exact 

electrical characteristics, 
sizes and mountings to fit 


your specific needs. 


You get fast service. 
Complete manufacturing and 
sealing facilities are all coordinated 


in one modern plant. 
Send for catalog 


mnthhetnti nant You save time and money. 





omar 


ELECTRIC COMPANY 
3349 ADDISON STREET 
CHICAGO 18, ILLINOIS 


RELAYS * SOLENOIDS + COILS » TRANSFORMERS * SWITCHES +» HERMETIC SEALING 
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FEEDBACK 


The negative sign indicates that a 
drag is exerted upon the rotor. Fig 
ure 2 shows the relationship between 
drag and speed. 

Sidney A. Davis, Components Div., 


Servomechanisms, Inc. 


lo THE Epiror— 

In the November [54] issue of 
CONTROL ENGINEERING a “Feedback 
Fact” on page 76 certainly deserves 
a “follow-up.” The reaction of fishes 
to electrical currents of many kinds is 
being studied at a number of places. 
The Fish and Wildlife Service has 
been experimenting with electrical 
barriers to the sea lamprey in the 
Great Lakes area. At the Fish and 
Wildlife Service Laboratory, here in 
Seattle, we have just completed a 
large scale test of the use of pulsating 
direct current for guiding migrant fin- 
gerling salmon and are preparing a 
series of reports, including one on the 
electrical and electronic devices and 
circuitry used in our research. Also 
in preparation is a fishery bulletin on 
the results of the laboratory work 
which preceded the field studies. This 
will summarize the effectiveness of 
various factors in producing electro- 
taxis. This response is orientation to, 
and swimming toward the anode, 
when an interrupted or pulsating di- 
rect current is passed through the 
water. The parameters were: wave 
form, pulse repetition rate, pulse dura- 
tion, voltage gradient, current density, 
conductivity of the water, water tem 
perature, and fish length 

The data from these various studies 
show that the problem is very com- 
plicated. There are not only differ- 
ences between species, but within a 
single specie the lethal voltage, for 
example, is approximately in inverse 
proportion to the length of the fish. 
The kind of current, whether direct, 
alternation or pulsating; the frequency 
of the latter two; if the third, the wave 
form and duration are all significant. 
It certainly cannot be said to be a 
““solved”’ problem and our rather ex- 
tensive experience has shown that lab 
oratory results must be applied with 
great caution in the field to prevent 
occurrence of unfortunate or even dis 
istrous results 

Charles D. Volz 

U.S. Devt of the Interior 

Seattle, Washington 
Volts and dynamite are illegal. And 
worms are not considered sporting up 
in northern Maine. —Fd. 





New 
Tubeless 
Nagnetic 


Stabiline 
Automatic 


Voltage Regulators 





SPEER eee a: 


Type TM7101 


FOR UNATTENDED LOCATIONS: 
@ Microwave relay stations 
@ Remote installations 


FOR CRITICAL APPLICATIONS: 


@ Where suddenneed for tube replace- 
ment can be costly (at a critical time 
in a process) or impossible (at an un- 
attended location) 


¢ No tubes to replace 


¢ No electromechanical parts to 
wear out 
STABILINE Automatic Voltage Regulators Type TM are the new- 


Where conditions cannot tolerate 
moving parts 


est addition to Superior Electric’s complete line of voltage control 


apparatus. Without tubes or moving parts it provides constant volt- 





STABILINE Type TM7101 
shown Is rated: 

. Input — 95 to 135 volts 

. Output — nominal 115 volts can be 
adjusted from 110 to 120 volts 

. Output held within 1 volt band 

. Frequency range — 55 to 65 cycles 

. Waveform distortion — 3% maxi- 
mum 

. Speed of response — less than 1.0 
second for full range correction 

. Maximum load — 1.0 KVA. 

. Load power factor range — .5 lag- 
ging to unity 


time under the most adverse operating conditions cannot be tolerated 
or where service is not a possibility over long periods of time 
STABILINE Type TM is a necessity. Both cabinet and 
rack models are offered. Send coupon below for 

full information. 


See Superior Electric's 
Mobile Display when 
it visits your crea. 


' 
| 
| 
| 
| 
| 
| 
! 
| 
| 

age regardless of line voltage or load changes. Where failure at any | 
| 
| 
| 
| 
! 
| 
| 
| 
| 
! 
' 


THE SUPERIOR ELECTRIC COMPANY, 604 Reynolds Ave., Bristol, Conn. 


Please send me full information on the new STABILINE Auto- 
matic Voltage Regulator Type TM (Tubeless Magnetic) 


SALES OFFICES 


1436 N. Serrano Avenve 
Hollywood 27, California 

P.O. Box 946, 1246 Junipero Ave. 
Redwood City, California 

453-A Eglinton Ave., W., Room 202 
Toronto 12, Ontario, Canada 


P.O. Box 48, 721 South Boulevard 
Ook Pork, Minois 


P.O. Box 132, 250 South Court St. 
rT) 


Medina, Ohi 


4515 Prentice Street, Room 202 
Dallas 6, Texas 


REPRESENTATIVES 


Bury! 8. Hill Company 
19481 James Couzens Highwoy 
Detroit 35, Michigan 


Fred H. Haight Compony 
3212 Eosticke 
Seattle 2, Washington 
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GUARDIAN 


for every industrial and military use... 


sy 
Series 120 A.C. Series 150 A.C. 
Sensitive Compact 
Series 345 D.C. Small Sized General Purpose 
Versatile . 
Industrial, Aircraft 


Series 490 A.C. Series 610 A.C. 

. Midget Economical 
: Telephone Type Small Sized 
Series 595 D.C. 


Midget Send for your free copy of the all-new Guardian Relay Catalog 
Telephone Type 


Number 11. Illustrations, dimensional drawings, full technical 
descriptions and operational data charts combine to present the 
most complete relay line available from any single source! Write 
today for your free copy, sent post-paid. No obligation. 


e 
Weieve \OR NEW CATALOG NO. 11 ; 


Switches — Steppers — Solenoids — Complete Control Assemblies 


GUARDIAN WELECTRIC 


1623-D W. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LINE OF RELAYS SERVING AMERICAN QNDUSTRY 
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What is it that holds a man in control engineering 
work? In the case of Irish-born Jack Johnston, it 
must be the challenge of new application problems 
that do not yield to the old tried-and-true solutions. 
He caught the instrumentation fever while pag 
ing at Brown Instruments to pay his way toward : 
degree in mechanical engineering at Drexel Institute. 
Not cured of the malady after ten years of oil refinery 
instrument work, he joined F. H. Trapnell’s Design 
Division at DuPont. Demands for new solutions to 
control problems in existing plants led him to the 
position of Instrument Consultant in the Engineer- 
ing Service Division. Solving problems to the satis 
faction of often-skeptical plant operators, he soon 
became Supervisor of Instrument Consultants, a 
group he has developed to provide a central advisory 
service in analysis instruments, instrument applica- 
tion, and process automation. 


Jack Took a Round Trip from Philadelphia, 
by Way of Aruba and Argentina 


After graduating from Drexel in 1935, he went 
to work in the Aruba, N.W.L., refinery of a Standard 
Oil subsidiary. ‘There he realized with a shock that 
he knew nothing about instruments, even after in- 
specting and testing them for seven years at Brown. 
He admits that this rude experience occurred repeat- 
edly in his progress to more responsible work at a 
Campana, Argentina, refinery and at the Marcus 
Hook refinery of Sun Oil Co. 

Jack and his wife were married twice in Argentina 
—once in a civil ceremony conducted in Spanish and 
again in the Episcopal Church, where his wife knew 
what she was saying. After an illness in the States, 
Argentina seemed far away, so they settled in Drexel 
Hill, Pa., and were joined by a son in 1940. Always 
the make-do instrument man, Jack directed five 
neighbors in hooking up a two-way communication 
system with microphones at each baby’s crib. 


Anyone Should Know That Instruments 
Don’t Run on Sulphuric Acid 


The Campana refinery, although small, featured 


JACK JOHNSTON 
Improves Instrument Application 


a 
CONTROL 
PERSONALITY 


Process Automation Engineers, Carl Sanders, left, and Ted 
James, right, discuss a control application problem with Jack 
Johnston, Supervisor of DuPont’s Instrument Consultants. 


every phase of the petroleum business. ‘The control- 
lers, among the best of the time, were mares’ nests 
of capillary tubing, multiple bellows, and pneumatic 
pilots. A maintenance crew that could not read 
instruction books written in English once demon 
strated complete mastery of their trade by getting 
sulphuric acid in the instrument supply air. This 
shut down the refinery. But a Pan-American 
exchange of Spanish and Irish-American swear words 
soon got the refinery back on stream. 

Participating in the beginnings of the Philadelphia 
Section of the ISA, Jack was president of the section 
in 1946. He is an active member of ISA’s Mainte- 
nance and Operations Committee, ASME’s and 
ASA’s Terminology Committees (on automatic con- 
trol), and he is a member of the National Society of 
Professional Engineers. 

A busy man, but one who knows the value of 
relaxation, he spends his spare time refurbishing an 
old summer home in Stone Harbor, N. J., and build- 
ing a 14-ft kit-boat for use there 
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WHAT'S NEW 


Cookie Cartons 


Create 


Computers 


General Mills’ know-how 
food packaging is 


responsible 


in automatic 
for a 


machine that brings computer speed to 


computer production 


When Tom James turned his elec- 
tro-mechanical design talent to prob- 
lems of high-speed packaging, he had 
no idea what he was getting into. 
Somehow, dealing in quirks of carton 
machines suggested straightening the 
kinks in computers. So instead of 
packaging edibles, ‘om began design- 
ing incredibles. 

As in his cookie days, Tom still 
works for General Mills, where he is 
now chief of engineering research and 
development. Engineer James had a 
big hand in pacing his company’s 
package output to a voracious public— 
a mechanical genius that attracted 
complex military hardware contracts 
to GM during World War II and has 
carried packaging-machine analogies 
into a whole line of automatic devices. 

The latest General Mills creation is 
like a page out of Norbert Weiner. 
It’s the first automatic machine for 
wedding components to printed cir- 
cuits. And to top it off, the machine 
will get its shakedown in IBM’s pro- 
duction line to speed computers to 
another customer—the USAF. 
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Wafers run down this line . 


MORE PROCESS THAN MACHINE 


Actually, the “Autofab” machine, 
as GM calls it, acts more like a com- 
plete process than a machine opera- 
tion. As the picture shows, it consists 
of a row of bins which feed compon- 
ent parts to attaching heads operating 
over a wafer-carrying belt. ‘The close-up 
view reveals how the assorted resistors, 
capacitors, pulse transformers, and 
diodes find their places on the printed 
circuit. Precise location of each com- 
ponent is a function of the conveyor 
and a fail-safe arrangement prevents 
circuit “bloopers.” 

In operation the printed circuit 
feeder is loaded to capacity with 400 
base plates and each of the heads filled 
with an average of 600 magazine-ori- 
ented components. All the attaching 
heads, controlled by a cam shaft, oper- 
ate simultaneously. As each printed 
circuit positions under a head, the 
conveyor briefly stops and the com- 
ponent is .attached. This continues 
down the full line of heads until the 
complete circuit is built. 

Loss of operating time is eliminated 


by use of multiple magazine on the 
base plate feeder and attaching heads. 
A fresh magazine is automatically cut 
in as each is depleted. So empties can 
be filled while the machine runs. 

“Autofab” is the first commercially- 
available unit in what General Mills 
will call its Electronic Assembly Sys- 
tem. ‘The system consists of six fluidly- 
related steps that will automatically 
prepare circuit wafers, route and solder 
components, test and classify, and fi- 
nally coat each completed unit before 
it slides from the line. And all this 
will happen at 20 circuits per minute, 
or 1,200 assembled boards per hour. 

As things now stand, “Autofab” is 
available in a 12-head unit section for 
an estimated price of $75,000. Wafer 
sizes from 2 in. to 10 in. in either 
dimension can be handled. Compon- 
ent parts from the smallest miniature 
up to almost an inch in length and 
diameter are accommodated. 

GM engineers are not content to let 
“Autofab” rest on its present technical 
laurels. They are already at work on 
electronic adjustments to obsolete the 





Tom James peers while Dr. 
Cledo Brunetti, Director of Gen- 
eral Mills’ ERD, points out a 
fabulous feature of ‘“Autofab” 


where components snap in place 


manual setting of machine heads. 
Further, they envision modifications 
which would let the unit insert con- 
ventional tubes into  predesigned 
plates of metallized plastic or fiber for 
radio and TV chassis. 

The two “Autofab” sections going 
to IBM will produce circuit subassem- 
blies for U.S. Air Force defense com- 
puters. Each of these huge digital 
units requires thousands of circuit 
building blocks, and IBM is quick to 
admit that it would never begin to 
meet delivery dates without General 
Mills’ incredible machine. 


For a Smooth Blast-Off 
Into the Wild Blue 


Pilots assigned to taking off jet 
fighters from truck tops received as- 
suring news. ‘They can now relax as 
passengers while their planes ascend 
amid smoke and flame, for their 
standard autopilots will safely guide 
them up. The plane makes its zero- 


length take-off with the aid of a raft 
of booster rockets. This technique 
was developed to launch Matador 
guided missiles from truck-based plat- 
forms. When Martin tried the trick 
on an F'-84G, it was discovered that a 
standard Lear F’-5 autopilot could do 
the job of guiding the plane up de- 
spite the severe accelerations, and 
perhaps do it smoother than the test 
pilot could. 


Vannevar Bush Calls for 
Automatic Encyclopedia 


Dr. Vannevar Bush wants knowl- 
edge at his fingertips—all human 
knowledge. In fact, he wants the 
Federal Government to start planning 
the world’s most grandiose data-proc 
essing project. He would have the 
mounting volume of human knowl 
edge coded and made available “in 
prompt, accurate, effective fashion, 
and at a distance if this is desired.” 

He made this bold suggestion at 
a mecting of the ASME, which had 


to fill quickly a computer’s skeleton 


just awarded him honorary member- 
ship. Only about 150 such members 
have been named since the society was 
founded in 1880. 

Bush pointed out that equipment 
is at hand to do the job. Scanners 
can glance at a thousand items pet 
Photographic methods cram 
a thousand books into the space of a 
cigarette package. Digital computers 
manipulate records at the rate of a 
million numbers per second. 

“Our libraries are overflowing,” he 
warmed, “and their growth is expo 
nential,” with much valuable data 
embedded in the mass of paper. 
Breaking loose this mired information 
would open the way to “another spurt 
forward of civilization.” 


second. 


MORE DATA HANDLING 


Computes Gas Network 





Both analog and digital computers 
irc working at the Armour Research 
l’‘oundation on Northern Illinois Gas 
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Co’s distribution and scheduling prob- 
lems. The gas company must estimate 
in advance the winter peak demands 
and decide whether their networks 
can deliver the fuel at a satisfactory 
pressure, computer center supervisor 
David Rubinfien explains. After the 
networks are simulated in the compu- 
ter, electronic brainpower calculates 
flows and pressure drops. Then the 
engineers can tell whether and where 
their system must be boosted. 


Saab Orders a Besk 





The first Swedish industry to ac- 
quire an electronic computer will be 
Saab Aircraft Corp. The Stockholm 
firm has just ordered a Besk from the 
state Mathematic Machines Board. 
Swedish engineers are proud of this 
computer, which they claim to be the 
fastest and most efficient electronic 
parallel machine of its size. 

Saab has just been through a trying 
stint of calculating—some 2.5 million 
computations involved in designing 
their newest jet fighter, the Lansen. 
This was seven times the volume of 
numerical work required by propeller- 
driven models of a decade ago. 

Ihe new Besk is supposed to get 
a novel recording system. A picture 
tube, now in the design stage, will 
project results as curves on a screen, 
as an alternative to pounding out 
tables on an electric typewriter. 


Supervises Pushbuttons 





IBM demonstrated a new “elec- 
tronic supervisor” that turns on and 
off as many as 40 groups of remote 
operations to a preset program. Able 
to open and close valves, start or stop 
motors, control air conditioning, or 
blow factory whistles, it would make 
an efficient office or plant manager. 


Important Moves 
By Key People 


> G. Lupton Broomell, Jr., has been 
promoted to chicf engineer of Leeds 
& Northrup Co. After joining the 
company in 1937, he rose to head of 
the recorder development section and 
later to assistant chicf engineer. He is 
well known in technical society circles 
for his leadership in electrical instru 
mentation and control. 

> Joseph P. Green is now director of 
engineering for ‘The Swarthout Co. 
Prior to his arrival at Swarthout two 
years ago, he was chief instrument 
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Lynch becomes president of Brush 


Kuhnel has been promoted by Austin 


Green heads Swarthout engineering 


IBM names Schnackel vice-president 


Brand is new Conoflow vice-president 
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MUIRHEAD & CO. LIMITED 
invite you to write for 
“MUIRHEAD MAGSLIPS” 


using your business letterhead 
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This illustrated brochure describes 
typical MAGSLIP elements 
and gives details of their 
applications for 
REMOTE INDICATION and CONTROL 
SERVO SYSTEMS 
TORQUE TRANSMISSION 
SUMMATION and COMPUTATION 


MUIRHEAD 


PRECISION ELECTRICAL INSTRUMENTS 









































MUIRHEAD & CO. LIMITED - BECKENHAM - KENT - ENGLAND 


Sales & Service U.S.A. 
MUIRHEAD INSTRUMENTS INC - 677 FIFTH AVENUE - NEW YORK 22 - N.Y., 
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THE HAYS ELECTRONIC FLOW METER 


ORATION 


h , 
' 
MICHIGAN CITY 37,INDIANA 


Automatic Combustion Control * Veriflow Meters and 
Veritrol + Electronic Oxygen Recorders * COs Recorders 
Boiler Panels * Gas Anelyzers * Combustion Test Sets 
Ore Gages * Electronic Flowmeters * Miniature 
Re rote Indicators * Electronic Feed Water Controls 


VAN 





Here is a new Flow Meter—that is really new! 
These features of the Hays Electronic Flow Meter 
speak for themselves. 


Mercuryles:—costly mercury maintenance headaches 
eliminated—no mercury to lose. 


Rupture-proof Bellows—provide positive 
protection against over-range. 


Continuous integration—motor-driven continuous 
mechanical integrator is extremely accurate 
even on rapid load changes. 


Electronic operation—requires only 4 seconds 
for full scale pen travel with accuracy 
of 4% of full scale differential. 


Other features include null-balance transmission, 
powerful motor, easy readability, accuracy 
unaffected by normal temperature changes. 
Explosion proof transmitters and wide range 
meters also available. 


For complete information, write for 
Bulletin 54-1074-222., 
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CONO CONTROL VALVES... for water treatment 


SPECIFIED BY THESE FIRMS 


partial list) 


Belco Industrial Equipment Div., Inc 
Cochrane Corporation 
General Filters, Inc. 

Graver Water Conditioning Co 
Hungerford & Terry, Inc 
Infilco, Inc 
IHinois Water Treatment Co 
Permutit Co 


INSTALLED IN THESE PLANTS 


(partial list) 


Atomic Energy Commission 

J. T. Baker Chemical Co. 
Blockson Chemical Co. 
Buckeye Cellulose Corp. 
Consolidated Edison Corp. 
Dow Chemical Co. 

Dow Chemical Co 

Dow Chemical Co. 

E. |. duPont deNemours & Co 
Gulf Oil Corp 

Gulf States Utilities 
International Business Machines Corp. 
Johns- Manville 

Penna. Power & Light 

Philadelphia Electric Co. 

Shell Oil Company 


Arco, idaho 
Phillipsburg, N. J. 
Joliet, Iilinois 

Foley, Fla. 

New York 

Freeport, Texas 
Velasco, Texas 
Pittsburg, Calif. 

East Chicago, Ind. 

West Port Arthur, Texas 
Baton Rouge, La. 
Endicott, N. Y. 
Manville, N. J. 
Shawmont, Pa. 
Schuylkill Station 
Anacortes, Wash. 


Cono Close Coupled Pneumatic Control Valves provide unbroken 
service day in, day out—year in, year out—in the automatic 
operation of demineralizers and other process systems. Hun- 
dreds of Conoflow valves, like those shown here, have been in 
operation many years without maintenance or repair. Cono Con- 
trol Valves are available in assemblies for on-off service (guaran- 
teed bubble-tight shut off) or for throttling control. Available 
with optional features such as handwheel type limit stops as 
shown, plastic position indicators, and micro-switch attachments 
for actuating remote visible or audible signals. Body sizes up to 


12" in all materials—rubber lined, Saran lined, alloys, etc. 


Write or phone for Conoflow’s usual personalized attention. 


CONOFLOW CORPORATION 


Foremost Manufacturers of Final Control Elements 
2100 ARCH STREET, PHILADELPHIA 3, PENNSYLVANIA 
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G.E. MECHANIZED PRODUCTION 
AT LOWER COST...ASSURES 


Both types offer high reliability at temperatures 


Tite a close look at the tran- 
sistor values G.E. now offers. 
Because production lines are 
now mechanized, these tran- 
sistors are made in less time 
at reduced cost. Machine 
methods today assure strictest 
adherence to the top quality 
standards demanded of all 


TYPE 2N43A 


a more uniform product. 

In military and commercial 
applications these G-E tran- 
sistors offer precision quality, 
topmost reliability at mass- 
volume prices! 

General Electric’s P-N-P 
junction transistor, 2N43A, is 
the first to be written into Air 


General Electric Germanium Products. Force specifications! MIL-T-25096 


Mechanization results in CON- (USAF) was actually written around this 
TROLLED CHARACTERISTICS, re- 


moving any inaccuracy on the part of 


G-E product which was developed for the 
military. Now it serves an ever-increas- 


the operator. Narrow limits are built ing number of commercial as well as 


into production transistors giving military applications. 


TYPICAL USES: Audio and Intercom Amplifiers, DESIGN FEATURES: 
Servo Amplifiers, Carrier Current Amplifiers, ‘ - = 
Test Equipment, Fuel Gauges. STURDY CONSTRUCTION ... meets critical 

military tests for shock, vibration, 
SPECIFICATIONS OF THE 2N43A humidity, life. 
and USAF 2N43A = : ve 
SEALED JUNCTION ...contamination gases 


Absolute Maximum Ratings: permanently eliminated! 


FRR tte waco 


Collector Voltage 
(Referred to base ) 
Collector Current 


HIGH POWER OUTPUT. ..case design makes 


—45 voles possible a collector dissipation of 


—50 ma 
150 mw 
Storage Temperature 100° C 


150 mw. 
Collector Dissipation 


HERMETIC SEAL...unaffected by moisture. 


Collector Cutoff Current 
(—45 volts) 


LONG LIFE...no change in characteristics 


— 10 microamps during life of equipment. 
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MAKES TRANSISTORS AVAILABLE 
CONTROLLED CHARACTERISTICS 


up to 100°C...are now available in production lots! 


HIGH FREQUENCY TRANSISTOR 

A new, revolutionary manu- 

facturing technique, the ex- 

clusive G-E rate-growing 

process, coupled with the all- 

welded hermetic seal, now 4 

makes possible extra long [i ‘ ae 
life, and noticeably-reduced TYPE 2N78 
manufacturing costs by — 


@ Making 2000 or more transistors from one 
rate-grown crystal. 


@ Achieving uniform characteristics in all 2000 
transistors—eliminating wasteful rejects. 


SPARED ASRS ER RLE ae. 


APPLICATIONS 


For pulse and switching circuits, RF and IF ampli- 
fiers; high-frequency test equipment; telephone 
repeaters. 


SPECIFICATIONS 


Collector Voltage (Referred to Base) is V 

Collector Current 20 ma 
Emitter Current —20 ma 
Storage Temperature 100° C. 
High Frequency Gain at 2 mc 13 db 


TUS as ae ears renee - 
@ For further details on specifications and prices, 


write General Electric Co., Section X9945, Germa- Billet of germanium is removed from furnace, prior to 
nium Products, Electronics Park, Syracuse, N. Y. cutting into enough tiny pellets for 2000 transistors. 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 
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engineer with the H. K. Ferguson Co. 
P IBM has a new vice-president in 
charge of manufacturing. He is Jay W. 
Schnackel, previously general manager 
of the Endicott. N. Y., plant. His suc- 
cessor there is Arthur L. Becker. 

PConoflow has made Warren H. 
Brand vice-president in charge of engi- 
neering. Coming to Conoflow less 
than a year ago, Brand brought with 
him advanced ideas developed as su- 
pervising engineer of the Industrial 
Instruments Engineering Section at 
Oak Ridge National Laboratories. 

> Douglas C. Lynch is now president 
of Brush Electronics Co. He joined 


AMF First with 


the Cleveland company in 1952 after 
having headed international opera- 
tions for the Crosley Div. of Avco 
Mfg. Corp. 

> Consolidated Engineering Corp. an 
nounces two key staff appointments. 
Francis T. Greenup transfers from 
Vitro Corp. of America to be Consoli 
dated’s chief design engineer. And 
Jack K. Walker, manager of the firm’s 
analytical instrumentation — group, 
moves to the System Div. as project 
chief for process control systems. 
PlFormer AEC chairman Gordon 
Dean is a newly elected director of 
Ketav Instrument Corp. He has been 


Research Reactor 
for Private Industry 


Arthur V. 


Peterson, Director 


of AMF’s atomic energy di- 
vision, hoists a control rod in 
model of reactor which will soon 
be privately owned and run. 


Spurred on by the AEC, American 
Machine & Foundry has solved the 
dilemma of how to get private indus- 
try to buy an atomic reactor. 

As the bars went down on fission- 
able material and reactor know-how, 
many construction projects were op- 
timistically planned by industry. But 
when the figures were assembled, few 
could buy. A modest-sized reactor 
could run to $1 million or more. Only 
endowed institutions such as Wash- 
ington State College, MIT, and Ar- 
gonne could afford the tab. 

AEC was concerned. It saw great 
reward in reactor research by aggres- 
sive private firms and a speeding of 
plans for industrializing atomic energy. 
A strong plea was made that at least 
one private industrial group pool its 
resources and set up a test reactor. 

Alert management at AMF was 
ready for the challenge. Capitalizing 
on the company’s past experience in 
the atomic energy program, a “pack- 
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board chairman of the company’s afhli- 
ate Nuclear Science and Engincering 
Corp. 
> Alexander H. Kuhnel has been pro- 
moted to assistant manager of ‘The 
Austin Co.’s Special Devices Div. He 
will continue to be division engineer. 
> David Rubinfien has been named a 
senior scientist by the Armour Re- 
search Foundation. Rubinfien, one of 
ControLt ENGINEERING’s consulting 
editors, has supervised mathematical 
services in the ARF Electrical Engi- 
neering Research Dept. His new job 
is intended to free him from super- 
(continued page 22) 





aged” swimming pool reactor was 
designed, complete with integrated 
automatic controls and unitized con- 
struction. Early this year a proposi- 
tion was made to a group of interested 
manufacturers: cost of the reactor fa- 
cility would be spread among. all 
participants and AMF itself would 
take part in its operation. The project 
was bought. 

A 250-acre site near New York City 
is planned for the cooperative reactor. 
Its fuel will come from the AEC on 
a license-fee basis. Its operation also 
will be licensed by the AEC, much 
as a steam plant is licensed by law. 
Estimates are that the new reactor will 
be ready by the summer of 1956. 

AMF board vice-chairman General 
Walter Bedell Smith looks for grand 
results from the new facility. “We 
strongly believe,” he predicts, “that 
many yet-unknown benefits of atomic 
energy will be brought to light more 
quickly in private research. We en- 


vision the development of new and 
important commercial products and 
improvement of a great number of 
industrial processes.” 

Judging from the variety in pat 
ticipating companies, the reactor will 
be put to wide and flexible use. In 
the group are representative firms 
from the food, chemical, petroleum, 
ceramics, metals, machinery, and elec- 
tronics manufacturing industries. 

Control engineers will be especially 
intrigued with two aspects of this 
first commercial test reactor. They will 
surely scrutinize its automatic controls 

particularly since these will include 
most of the elements described by 
Seymour Oestreicher in his article on 
pp 83-84 of September 1954 Contrro. 
ENGINEERING. Also, with an electron- 
ics manufacturer in the act, the reactor 
will find some concerted use in explor 
ing and developing new ways and 
means for radiation techniques in 
measurement and control. 
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= ia : . 
New, Exclusive Method Takes Both The GUESS And The WORK 
eControls Sizing For Liquid, Steam And Gas Applications! 


Today’s modern and complex processing systems require 
accurate control valve sizing. No one has recognized this fact 
more than BS&B. 


Therefore, as a service to industry, BS&B set out to 
develop a new, simple, more accurate method of sizing controls. 
Here it is in the new BS&B Controls Sizing Manual. 


—Y This new, exclusive method uses two new “tools” to make 
OVER 60 YE|ARS sizing more accurate—the SIZE-O-GRAPH to determine what the 
valve MUST do and Cv RATINGS to determine what the 


i Ss i 3 valve WILL do. 
nae” 


These “tools” are based upon thousands of hydraulic flow tests 
performed on all sizes and types of BS&B Controls in the 
industry’s largest and most modern flow testing laboratory. 


Results are proven by correlation with actual gas and 
steam flow tests. 


eR 
_ EXAMPLE of propuct LEA? 


If you’d like a copy of this new manual, write to... 


IVALLS & RYSON,INC. 
Controls Division, Dept. 4-ES4 
7500 East 12th Street, Kansas City 26, Missouri 
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visory tasks and give him more time 
for creative thinking. 

> Marion Electrical Instrument Co. 
has named F, J. Gaffney vice-presi- 
dent for engineering. After heading 
the test and measurements group at 
the MIT Radiation Laboratory during 
the war, Gaffney was general man- 
ager of the Polytechnic Research and 
Development Co. from 1945 until 
1953, when he joined Marion. 

> Melvin L. Jackson comes to CGS 
Laboratories, Inc., as vice-president. 
For nine years he has been with Air- 
borne Instruments Laboratory, most 
recently as manager of the contract 
office. 

P John Pamperin is the new produc- 
tion manager of Helipot Corp. 


Texas Meetings 
Explore Frontiers 


When Texans overrun frontiers in 
one direction, they open them up in 
another. 

This truism was emphasized at the 
IRE’s Southwestern Conference and 
Electronics Show, held in Dallas Feb. 
10-12 by the institute’s Dallas-Fort 
Worth Section Pioneering as usual, 
the section’s Professional Group Chap- 
ter on Automatic Control scooped 
the national group with the first tech- 
nical session on the subject since the 
PGAC was formed last October. 

ConrroL ENGINEERING was repre- 
sented by assistant editor Ed Kompass, 
who keynoted the session, haranguing 





the electronics experts in the vein of 
this month’s editorial (see page 43). 

lor a regional meeting, this one 
was just normal for Texas—this is to 
say, stupendous. Seventy-five exhibi- 
tors showed everything from wire to 
computers. And 1,100 engineers paid 
for the privilege of shouldering in for 
a look. 

At that, the Dallas IRE meeting 
only scarcely outstripped Texas A&M’s 
‘Tenth Annual Symposium on Instru 
mentation for the Process Industries, 
held two weeks earlier at College Sta 
tion. Some 350 paying customers 
were lured to the beautiful Memorial 
Student Center. Although the meet- 
ing was meant primarily for instru 
ment men of the Gulf Coast’s petro- 
chemical industries, 15 per cent of the 
engineers had come more than 1,000 
miles to hear technical papers and 
mill around 50 or so instrument 
exhibits. 

Electronic controllers, continuous 
analyzers, and dry instrument air all 
got their due from manufacturers and 
users at this unique nuts-and-bolts 
conclave, as did more complex sub- 
jects such as the dynamic response of 
flowmeters. Among the speakers, Wil- 
fred H. Howe of Foxboro rounded 
up high-pressure instrumentation, as 
he has done in this issue (page 53). 

Porter Hart, instrument shop super- 
intendent of Dow Chemical’s Texas 
Div. at Freeport, was elected to the 
elite group of Screwballs—comprising 
instrument men who have evolved 
special and unusual devices for proc- 
ess control. The 1954 Screwball, A. A. 


¥ © 


Porter Hart of Dow Chemical, newly elected Screwball, ponders his award 
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Anderson of Carbide and Carbon, 
'exas City, designed Hart’s award, 
(see cut), a unique mobile symbolic 
of something or other. Next year 
Hart will have to design a similarly 
fitting trophy for the 1956 Screwball. 


IRD, ASME Schedules 
Control Conference 


The University of Michigan will be 
the scene of a two-day (April 25-26) 
conference on automatic control, 
sponsored by the ASME’s Instru 
ments and Regulators Division. 
Chairman will be Prof. John 
Hrones of MIT, who promises an 
outstanding series of papers empha- 
sizing basic dynamics of control rather 
than mathematical methods of solu- 
tion. Key areas to be covered include: 
the control of physical systems, phys- 
ical systems with a human operator, 
and business and economic systems. 


Diamonds and Gold— 
Stake Em or Make Em 


As the man says, if you engineers 
keep plying your technology it’s no 
wonder a buck’s not a buck anymore. 

Take diamonds. Used to be that 

an engagement ring was worth two 
years for Junior in college. But who 
can tell now. GE’s has a press that 
puts 1.6 million pounds pressure on a 
square inch of carbon. And what do 
you have? Diamonds. 
The same holds true for gold. Some 
sly reactor work and transmutation 
can take place. And lately, a scintil 
lometer has been used to ferret out 
gold and even diamonds. If you can’t 
make it, it will be easy to stake it. 

True, GE did produce a diamond 
from carbonaceous material under 
some staggering man-made pressure 
and temperature. But the cost of 
exerting these special forces and the 
miniscule production hardly suggest a 
dent in the diamond market. Further, 
the man-made diamond is notably 
lacking in gemlike qualities. It is 
more likely that the GE process will 
be used to produce industrial dia 
monds for cutting and polishing. 

Use of the scintillometer for gold 
and diamond hunting also has its 
qualifications. Its function here de- 
pends on what scientists call the 
“radioactivity anomalies” technique. 
It appears that minute traces of 





Write for Bulletin MP 34 
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MICROSYN POSITION INDICATORS line- 
arly transform an angular displacement into 
an electrical signal for application in fire 
control systems and gyro instrumentation. 


Resolution to less than 1/100 of 1 degree 


Write for BulletinKG 34 


TYPE K RATE GYROS measure absolute 
angular rates about any one axis for flight 
test evaluation or control of aircraft. They 
are also proven components for use in con- 
trol and homing systems in guided missiles. 


Accurate to % of 1% of full scale 





Write for 
Bulletin S 34. 


SYNCHROS size 11 (1.062” 0.D.) 115 volt, 
400 cps Control Transmitters and Trans- 
formers are approved standard military 
components (MIL-S-16892). Other sizes 
and types are also available. 


Average electrical error — 5 minutes of arc 





Write for Bulletin CFG 34 


CAGEABLE FREE GYROS are designed ex- 
pressly for guided missile applications. They 
are available with either Synchro or Poten- 
tiometer type pickoffs. 


Drift is less than Y% degree/minute 


‘Doelcam— 
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SERVO MOTORS two-phase, 115 volt, 400 
cps fulfill the requirements of MIL-S-17087 
(BuOrd). Available in sizes from 1.062 
inches O.D. to 1.750 inches O.D. 

33,800 


Acceleration radians /second2 


Master-precision 


MILITARY COMPONENTS 


N EVIDENCE of the exceptional performance of DOELCAM 
Master-precision components, a measure of accuracy is 
presented with each unit illustrated. Tested and per- 
fected for military use, DOELCAM electromechanical instru- 
ments for measurement and control are now standard 





Write for 
Bulletin 
VF34 


VFDD POWER SUPPLY - DEMODULATOR 
serves as a link between sensing instruments 
and recording equipment. With the DOEL- 
CAM Type K Rate Gyros it comprises a 
complete system for flight evaluation of 
military aircraft. 


Voltage-regulated to 1% 
Frequency stabilized to 0.2% 
Demodulators linear to 1% 





components in automatic pilots, guided missiles, airborne 
instrumentation and fire control computers. DOELCAM’S 
expanded manufacturing facilities now make it possible to 
offer these Master-precision components in production quan- 
tities for military applications. An outstanding engineering 
staff with broad experience in the field of instrumentation 
is available for assistance on your specific problem. For 
more detailed information — write for bulletins. 


“Doelcan- 


A DIVISION OF MINNEAPOLIS-HONEYWELL 


SOLDIERS F ROAD 
BOSTON 35, MA 


Instruments for Measurement and Control 
Synchros * Gyros + Servos * Microsyns * Servo Motors 
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If you want to make diamonds set up this 
1,000-ton press—but you'll probably have 
to consult with GE Research to duplicate 
its achievement 


uranium are often associated, in na- 
ture, with primary deposits of rare 
minerals. So if the scintillometer ticks 
faintly you may have gold. But you 
still have the arduous job of digging 
and panning to prove the theory. 


Around The 
Business Loop 


> Elgin National Watch Co., moving 
further into the field of miniature 


Fischer & Porter raises the roof at Hatboro, Pa., 
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electronic components, has just 
bought up American Microphone 
Co., Pasadena manufacturer of micro 
phones, phonograph pickups and 
cartridges, and related items. ‘lhe 
new acquisition will become a division 
of Elgin-Neomatic, Inc., formed less 
than four months earlier. 

> American Machine & Foundry Co. 
stepped into the oil business with the 
purchase of American Iron & Ma- 
chine Works Co. ‘he new Oklahoma 
City subsidiary is a manufacturer of oil 
field drilling and recovery equipment. 
> Topp Industries, Inc., has enlarged 
its line of precision potentiometers 
with the acquisition of Standard Elec- 
tronic Mfg. With its added facilities 
and expert personnel, ‘Topp will now 
offer a special design service on un- 
usual requirements. 

P Fischer & Porter is turning to 
streamlined construction for a new 
4,000-sq-ft building in Hatboro, Pa. 
It will be built by the Youtz-Slick 
lift-slab method. After the concrete 
floor is cured, the reinforced concrete 
ceiling is poured directly on top of 
it. Then the ceiling is hydraulically 
jacked into place. 

> Robertshaw-Fulton Controls Co. has 
opened a more conservatively built 
structure in Long Beach, Calif. The 
237,000-sq-ft plant will house the new 
Grayson Controls Div., which will 
double R-F’s production of thermo- 
static controls and ignition devices 
for gas heating. 

> International Business Machines 
Corp. announces plans for two new 
buildings at Poughkeepsie, N. Y. Ad- 
jacent to the IBM Research Labora- 
tory, the new facilities will be used 
for engineering and development of 
electronic data-processing equipment. 
> ElectroData will more than double 
its production capacity with a new 


Pi 


WHAT’S NEW 


40,000-sq-ft Pasadena headquarters 
building. An unusual feature will be 
a demonstration computing center en 
closed by glass walls and visible from 
the lobby. 

P'The Barry Corp. of Watertown, 
Mass., has taken on a more descrip 
tive name: Barry Controls, Inc. 


Michigan Summer Course 
Elucidates Computers 


The University of Michigan an- 
nounces an expanded two-week sum- 
mer course on computers, Aug. 1-12. 
The program will impart an under- 
standing of present-day computers 
and an idea of their potential appli- 
cations. As part of the course, users 
will report directly on how their com- 
puters behave and will attempt to 
evaluate objectively manufacturer’s 
claims. 

Basic parts of the course, which 
will be taught at both elementary and 
advanced levels, are the structure of 
digital computer systems and formu- 
lation and programming. Beyond this 
point, the classes will divide accord- 
ing to special interests: engineering 
and logical design, business data proc- 
essing, or scientific and engineering 
computations. The major laboratory 
tool will be MIDAC, the university’s 
big fast general purpose digital ma- 
chine. And after the two weeks are 
over, students will get a 500-page 
bound volume of course notes to take 
home and ponder at their leisure. 

The cost is $160, plus room, board, 
and incidentals. For complete infor- 
mation and application blanks, write 
directly to Dr. John W. Carr, Willow 
Run Research Center, University of 
Michigan, Ypsilanti, Mich. 


while Robertshaw-Fulton opens new Long Beach plant for its Grayson Controls Div. 





new...precision (’ 


receptacle | 


Z S Wee’ 
4 
cy 


t-away view shows precision 
construction of Continental Series 1300 


CONTACTS FOR #20 AWG WIRE 
NO. OF CONTACTS SHELL SIZE 
4and5 


15, 19, 27 and 31 


JUST OFF THE PRESS! 


98-page technical catalog 
for engineers, purchasing 
executives and engineering 
libraries. Gives detailed 
specifications on 
Continental precision 
connectors. Request a free 
copy on your company 
letterhead, indicating your 
name and title, 


If you have been looking for a dependable, miniaturized version 
of the popular A N-type connector, then consider this new 
Continental Connector Series 1300. 


Two small shell sizes accommodate several contact arrangements. 
The shells are precision machined aluminum, threaded for use with 
conventional cable clamps. Brass pin contacts and spring temper 
phosphor bronze female contacts are gold plated for easier soldering 
—pre-tinning of solder cups is unnecessary. Each contact is 
individually floating, to assure self-alignment and reduced 
engagement forces. 


One-piece molded inserts prevent moisture traps and possible 
electrical breakdown. They can be interchanged between the plug and 
receptacle shells for greater versatility. Our standard molding 
compound is Mineral filled Melamine (MIL-P-14D, Type MME). 
However, other compounds are available on order. 


Write to our sales engineering department fo: 
technical data on the Series 1300, PLUS other special 
designs and circuit applications requiring the use 

of sub-miniature, printed circuit, hermetic seal, 
pressurized, high voltage or power connectors. 


misled ae) alle 
Sales DedWR 
Diivisilela 
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Announcing 


Like all Adlake relays, these new “Mighty Midget” relays 
require no maintenance whatever . . . are quiet and chatter- 
less ... free from explosion hazard. Dust, dirt, moisture and 
temperature changes can’t affect their operation. Mercury- 
to-mercury contact gives ideal snap action, with no burning, 
pitting or sticking. 
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the new Anlake 


“Mighty Midget’ 


with the revolutionary MOLDED coil! 


You expect the very latest from the company that originated 
the mercury plunger-type relays—and here is the very latest! 
It’s the Adlake No. 1140, with molded coil in epoxy resin. 
That neat red coil is exclusive with Adlake, and gives these 
advantages: 


@ Better heat radiation 

® Absolutely moisture proof 

@ Tested by 4 to 5 million operations at maximum capacity 

@ Guaranteed against coil failure—forever 

This new molded coil "Mighty Midget” is the newest reason why 


it’ll pay you to use Adlake mercury relays 





DE-ENERGIZED Plunger 
P is floating in mercury M. 
External circuit is open be- 
cause main body of mer- 
cury M is below lip of 
ceramic cup CC. 
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ENERGIZED Coil C pulls 
; plunger P down into mer- 
Sttestet cury M. Mercury thus dis- 
x0) 


es 
I) 


i | placed completely covers 

ceramic cup CC filled with 
oe mercury. This establishes 
mercury-to-mercury con- 


tact between electrodes E 
and EE 
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DE-ENERGIZED ENERGIZED 


This phantom view and operational Gdlaks). See. 
sketches show the simple, depend- 98% ~~ 
y A year } 


able operating principle of the Adlake 
“Mighty Midget” Relay. 


td 
Ss 


cue Adams & Westlake commans 


Established 1857 + Elkhart, Indiana * New York + Chicago 
the original and largest manufacturers of mercury plunger-type relays 
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PRECISION 
WEIGHING 


QUALIT y C | pea 


reproduction of weight 
scale demonstrating 
easy readability 


Linear dimensions, as well as many other properties, 
have a definite relationship to the weight or mass of an 
object. By weighing, this relationship can be examined 
quickly and efficiently for production and quality control 
purposes. 


The simple, fast and accurate METTLER balance is the 
ideal tool for this important task. 


Showing weight 


The METTLER Type K-5 precision balance has a capacity reading 745.2 grams 


of 2000 grams (4.41 Ibs. av.). The pan, completely unob- 
structed, is on top of the instrument. The projected optical * SPEED 

scale covers a range of 1000 grams (2.205 Ibs. av.) with oo ee Sees net 
1 gram (0.0353 oz. av.) per division. This scale can be 

read quickly and easily to 0.2 grams (0.00705 oz. av.). e CAPACITY 


2000 grams (4.41 Ibs. av.) 
The balance is built on the pendulum principle. The 
magnetic damping of the swing of the beam is so very ® Pernt ycapregpeeel dl 
effective that reading of the weight can be made less than eet val res 


: reads easily to 0.2 grams 
3 seconds after the object has been placed on the pan. (0.00707 oz. av.) 


@ Additional models of greater or smaller capacity and 
different tolerances of accuracy are in process of 
development. Write for further information or service. 


METTLER INSTRUMENT CORP. HIGHTSTOWN NJ. 
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OHMITE 
A MRECON Relays 


HIGH QUALITY, GENERAL-PURPOSE 
RELAYS FEATURING COMPACTNESS, 
DEPENDABILITY AND LONG LIFE! ~<@ 


hermetically 
sealed or/ 
biocd »ctive 
enclosures 


30 TYPES 


available from 


Current ratings up to 25 amp, AC or DC 


When you want the utmost in relay dependability, 
investigate the Amrecon line. Amrecon relays are 
designed, produced, and tested in the new, air- 
conditioned Ohmite plant. 

These ruggedly built relays have the ability to 
handle power loads usually requiring larger, heavier 
units. They are built to meet rigorous aircraft relay 
standards, and are particularly adapted to mobile 
equipment where severe shock and vibration are 
encountered. 

Amrecon relays are available with screw, plug, 
or solder-wire terminals; in a variety of contact 
arrangements; with hermetically sealed or dust- 





Rickde 
Cataleg R-10 


AMRECON | 


RELAYS 


protective enclosures. Order from the 30 stock 
types, or let Amrecon’s engineers help you work 
out special relay applications. 


AMERICAN RELAY & CONTROLS, Inc. 
3674 Howard St., Skokie, Illinois (Suburb of Chicago) 


= 


a subsidiary of 


O FIPS 3° 


MANUFACTURING COMPANY 
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Everybody talks ahout AUTOMATION... 


Admiral ta: it 


Automation, at Admiral, is an established fact . . . fully proved-in-practice 
on a wholly automatic assembly line which for many months has been 
producing electronic assemblies at rates up to 5,000 per day. 

The importance of automation to the production of military electronic 
equipment cannot be over-stated. For one thing, automation substantially 
reduces unit costs ... makes expendable items less expensive. Automation 
also guards against error and helps to maintain unwavering quality standards. 

The automation equipment now in use was designed, developed and 
produced by Admiral’s own engineering staff. Facilities are available for the 
production of electronic or electromechanical units in virtually any 
quantity, large or small. Address inquiries to: 


Admiral Corporation 


Government Laboratories Division, Chicago 47, Illinois 


NOTE: COLOR SOUND FILM on Automation available for showing to technical 
or business groups. Film runs 9 minutes. Address requests to Public Relations 
Director, Admiral Corporation, Chicago 47, IIl. 
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Look to Admiral for 


@ RESEARCH 
@ DEVELOPMENT 
@ PRODUCTION 


in the fields of: 


COMMUNICATIONS, UHF and 
VHF, air-borne and ground. 
MILITARY TELEVISION, receiving 
and transmitting, air-borne 

and ground. 
RADAR, air-borne, ship and ground. 
RADIAC * MISSILE GUIDANCE 
TELEMETERING 
CODERS and DECODERS 
DISTANCE MEASURING 
TEST EQUIPMENT 


Send for Brochure. . . complete 
digest of Admiral's experience, 
equipment and facilities. 


ENGINEERS! The wide scope of work in 
progress at Admiral creates challenging 
opportunities in the field of your choice. 
Write to Director of Engineering, 
Admiral Corporation, Chicago 47, Ill. 





“This Is What I Want in a Potentiometer’’ 
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BORG 900 SERIES 


"a +=MICROPOTS 


Meet All These Requirements 


“It's tops!’’, that’s what design engineers every- 
where are saying about the Borg 900 Series 
Micropots. To meet the tremendous demand 
Borg has geared production to new high levels 
assuring you fast delivery of any model in any 
quantity. All 48 models are available now! 


A precision 10-turn potenti- 
ometer that offers your 
products a price advantage 


It's no wonder that these pots have had such a 
in today’s competitive / | 
markets. Engineered for 


tremendous reception for they are truly the 
easy installation with 9 


: “New Standard of Precision Potentiometers’’. 
inch coded leads. Accurate, \.\\ Let us send you engineering data and name 
dependable, long lived. 


of your nearest Borg ‘‘Tech-Rep’’. Write today. 


BORG EQUIPMENT DIVISION 


THE GEORGE W. BORG CORPORATION 
JANESVILLE, WISCONSIN 
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The Univac Scientific Computing System 


Perfecting Tomorrow’s Turbines 


Many complex and intricate computa- 
tions are required to evaluate test cell 
runs... to design turbines with ever- 
increasing efficiency of performance. 
Univac Scientific is the ideal electronic 
computing system for the task. It can 
easily accomplish these feats of mathe- 
matics — and solve the many problems 
encountered in data reduction, com- 


pressor off-design, turbine off-design, 


wheel design and analysis, and engine 
performance. 

Because of its ability to reduce large 
volumes of data at tremendous speeds, 
the Univac Scientific System easily han- 
dles even the most difficult research 
problems. Its speed is matched by many 
other outstanding characteristics, 
including: superb operating efficiency, 
obtained through large storage capacity 


.great programming versatility ...the 
ability to operate simultaneously with 
a wide variety of input-output devices 

.and far greater reliability than any 
computer in its class. 

For more information about the 
Univac Scientific System or for infor- 
mation about how you might apply the 
system to your particular problems, 


write on your business letterhead to... 


e 
ELECTRONIC COMPUTER DEPARTMENT HMemington Ftarul ROOM 1433, 315 FOURTH AVE., NEW YORK 10 
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te Variety Of Sizes And Types 











TYPE 
NO 


NATION 





FRAM 


E 
SIZE 





Typical characteristics of some of the unit 


400 and 60 cycle Servo Motors. 
High torque to inertia servos 
are available as small as a 
penny and up to Size 23. 
Torques of 0.1 in. — oz. to 7.5 
in. — oz. 


TWO PHASE SERVO MOTORS 


FREQUENCY 


MIN 
TORQUE 
AT STALL 
IN OZ 


POWER 

NO LOAD PHASE 
SPEED AT STALL 
(MIN.} (WATTS 


NO 
OF 


POLES 


RATED 
FIXED 


PHASE SER 


VOLTAGE 
CONTR PHASE 
1ES PARALLEL 


EXCITATION 
OL 





K402390 
K402350 
K402300 
K402370 
K101600-6 
K101660 
K101650-5 
K402150 
K101720 
K402470 
K402380 
K402560-1 
K402550-1 
K101780 
K402550-2 
K402600 
1IZ3E1Y 
1I3E1Y1 


TYPE 
NO 


MK 14MOD 2 
MK 14 MOD 3 
MK 7MOD0 
MK 7MOD1 
MK 7MOD2 


10 
10 
W 

14 
15 
15 
15 
15 
15 
15 
15 
18 
18 
18 
18 
18 
23 
23 


S8ssseesssssssss 


60 
60 


3 
13 
.60 
63 
1.45 
1.45 
1.45 
1.3 
14 
1.3 
1.45 
2.35 
2.35 
1.4 
2.35 
1.8 
7 
7 


6500 3.1 
9800 3 
6200 3.5 
6200 4.6 
4800 6.1 
4800 6.1 
4800 6.1 
6200 6.1 
5000 

1600 

3200 

4800 

4800 

9800 

4800 

9800 

3300 

3300 


*(1) Control phase having only one winding 


oe 


OD naee 


NIN) S @ S/O @N S 


26 26 (1) 
18 18 (1) 


15 
15 
15 
15 
15 
15 
15 


15 
180 
5 
115 
230 


15 


26*(1) 


24 24*(1) 


115 
15 
15 
115 
115 
115 
115 
115 


15 
282 
115 


15 
115 
15 
230 


(1) Also for 115 or 230 operation on control phase. 
*Denominator refers to control phase excitation. 





NATION 


115*(1) 





Synchro Transmitters for use in position indicating 
(torque) systems and data transmission (control) 
systems. 60 and 400 cycle models, and sizes from 
10 to 37 are available. Electrical accuracies of 7 
min. in standard units. 


SYNCHRO TRANSMITTERS 


FREQUENCY 


FUNCTION 


VOLTAGE 
RATING 
(VAC) 


ELECTRICAL 
ACCURACY 
MAX. ERROR 





K101570 
K101550 
101B2A 
101B2A1 
101B2J 
105B2A 
10SH2A 
105G2A 
K101480 
K101420 
K101400 
K101350 
106M2A 
108B1B 
108B2A 
1OBHIA 
108G2A 
108H2B 
109M2A 
112A1B 
113H2B 
113G2A 
113F2B 
113B2B 
113FIA 
113BIA 
113G1B 
T3HIA 
121FIA 
121G1A 
121F2B 
121G2B 
121F2C 


11CX4a 
11CX4a-26V 


15CX4a 
15CDX4a 
1STDX4a 


16CXB4A 
18CX6A 
18CX4A 
18CDX6 
18TDX40 
18CDX4a 
19CXB4a 
1HG 
23CDX4a 
23TDX4a 
23TX4a 
23CX40 
23TX6a 
23CX6a 
23TDX6a 
23CDX6a 
31TX6 
31TDX6 
31TX4a 
31TDX4 
31TX4C 


400 
400 
400 
400 
400 
400 
400 
400 


Control Differential Transm. 


Control Transm. 
Control Transm. 
Control Transm. 
Control Transm. 
Control Transm. 


Control Differential Transm. 


Torque Differential Transm. 
Torque Differential Transm. 
Torque Transm. 
Torque Transm. 


Control! Differential Transm. 


Control Transm. 
Control Transm. 
Control Transm. 


Control Differential Transm. 


Torque Differential Transm. 
Control Differential Transm. 
Control Transm. 
Torque Transm. 


Control Differential Transm. 


Torque Differential Transm. 
Torque Transm. 
Control Transm. 
Torque Transm. 
Control Transm. 
Torque Differential Transm. 


Control Differential Transm. 


Torque Transm. 
Torque Differential Transm. 


__ Torque Differential Transm. 


Torque Differential Transm. 
Torque Transm. 


**Diameter same as size 23 units 


11.8/10.5 
26 11.8 
115/90 
2611.8 
26 11.8 
115/90 
90/90 
90 90 
11.8 11.8 
26 11.8 
2611.8 
11.8/11.8 
115/90 
115/90 
115/90 
90 90 
90 90 
90 90 
115/90 
115/90 
90/90 
90,90 
115/90 
115/90 
115/90 
115/90 
90/90 
90/90 
115/90 
90/90 
115/90 
~ 90/90 
115/90 


Frame size indicates spproximate diameter in tenths of inches 


30° SPD. 
24' SPD. 
7 
7 
20° SPD. 
12' 
10° 
10° 
20' SPD. 
20° SPD. 
20° SPD. 
20' SPD. 
+12" 
8° 
+ 8’ 
10° 
10° 
+ 3 
+ 8 


e 
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Write for additional copies of this bulletin No. 355 for your catalog files. 












SYNCHRO 


Synchro R 
den-Ketay 
in position 
cies of one 
able in 60 
sizes from 

























GOVT 

TYPE DESIG FRAME 

NO NATION IZE FREQUENCY 
K101540 10 400 
105C2A ISTR40 15 400 
K101430 1S 400 
106K2A 16TRB4 16 400 
108C1iC 18TRb6a 18 60 
108C2B 18TR4a 18 400 
109K2A 19TRB4a 19 400 
H2AIC lF 7} 60 
113C2A 23TR4a 23 400 
113C1B 23TRb6a 23 60 
121CIA 31TR6 31 60 
121A 31TDR6 31 60 
12WIC 31TDR6S1 3) 60 
121C2B 31TR4a 31 400 
121328 31TDR4 31 400 
121C2C 31TR4C 31 400 


(1) Pigtail Un 


*(1) 31TDR6S1—Pigt< 


Norde: 


are ava 
frame: 
phase, 
models 
availat 
























INDUCTION 
GOVT 
YPE DESIG. FRAME 
NO NATION SIZE FREQUENCY 
D194 18 60 Contin 
E11590 1G-60 20 60 Intermi 
E11600 60 Intermi 


Norden-Ketay offers | 
cycle excitation. Unit 
duction quantities. Z: 
phase, 5 millivolts qu: 


Norden-Ketay also of 
with or without integr 
bient requirements, t¢ 
Special requirements 


MOTOR DRIVEN, TACE 


*For motor characteristics applicable to these 





















KETAY GOVT POWER OuTPUT 

TYPE DESIG INPUT VOLT 

NO NATION (WATTS @ 1000 R.P.M 
(1) 105P2C 5.4 3.2 R.M.S. 
(2) 105P2D 5.4 3.2 R.M.S 
(1) 105P2C1 MK 12 MOD 0 5.4 3.2 R.M.S 
(2) 105P2D1 MK 12 MOD 1 5.4 3.2 R.M.S. 
(3) 108P2A MK 16 MOD 0 5.4 3.2 R.M.S. 
(4) 108P2G MK 16 MOD 2 3.2 R.M.S. 


Norden-Ketay panca 
0.5 in. or less, are av« 
is essential, as in gy 
formers, and resolver 












PANCAKE 

KETAY INPU 

TYPE NO FUNCTION VOLTA 
B-14335 CX4 Synchro Control Transmitter 26 V, 406 
B-14336 CT4 Synchro Control Transformer 26 V, 401 
B-14335-1 CX4 Synchro Control Transmitter 115 V, 400 
D-13718 Synchro, Resolver 40 V, 90% 





nits in mass production by Norden-Ketay 


Used with Norden-Ketay synchro control transmitters in closed 
cycle servo systems, Norden-Ketay synchro control transformers 
develop a voltage gradient of one volt per degree of system error. 
They are available with null voltages as low as 60 millivolts total 
and 30 millivolts fundamental and with accuracies as great as 6 min. 
in standard models which match Norden-Ketay synchro control 
transmitters. 


hro Receivers are used with Nor- 
<etay synchro torque transmitters 
sition indicating systems. Accura- 
»f one degree or better are avail- 
in 60 and 400 cycle units, and in 
from 10 to 37. 
























HRO RECEIVERS SYNCHRO CONTROL TRANSFORMERS 








VOLTAGE RECEIVER GOVT ELECTRICAL 
RATING ERROR TYPE DESIG FRAME VOLTAGE 
INCY FUNCTION (VAC MAXIMUM) NO NATION SIZE FREQUENCY RATING 
Torque Receiver 2611.8 ~%, K101560 10 400 26/11.8 
Torque Receiver 115/90 +1.0 K101530 10 400 12/11.8 
Torque Receiver 26/11.8 +1.0 1O1A2K W 400 11.8 0.4 V. per deg. 
Torque Receiver 115/90 1.0 101A2S 11CT4a al 400 90/1 V. per dea. 
Torque Receiver 115/90 +1.0 105A2A 15CT4a 15 400 90 1 V. per deg. 
Torque Receiver 115,90 1.0 K101300 15 400 26/11.8 
Torque Receiver 115/90 +1.0 K101750 15 400 11.8/22 
Torque Receiver 115/90 1.5 K101300- 15 400 10.2/26 
Torque Receiver 115/90 1.0 106L2A 16CTB4a 16 400 90/1 V. per deg 
Torque Receiver 115/90 +1.0 (1) K402100 17 13.4/10 V. per deg. 
Torque Receiver 115,90 1.0 10BAIA 18CTb6a 18 90/1 V. per deg. 
Torque Differential Receiver 90 90 +1.0 108A2B 18CT4a 18 90.1 V. per deg. 
Torque Differential Receiver 90 90 (1) 109L2A 19CTB4a 19 90,1 V. per deg. 
Torque Receiver 115,90 +0.8 1O9L1B 19CTBb6a 19 90/1 V. per deg. 
Torque Differential Receiver 90 90 0.8 1I2A1A 1 HCT bad | 90/1 V. per deg. 
Torque Receiver 115,90 + 0.8 113A2B 23CT4a 23 90/1 V. per deg. 


igtail Unit Sensitivity 10 


1I3AI1A 23CTb6a 23 90/1 V. per deg. 


(1) Linear Synchro 





-Pigtail Unit, Sensitivity 10° 


(1) High Impedance unit 
(2) Linear synchro 
(3) When used as control transmitter 26/11.8 VAC 


orden-Ketay Induction Motors 
‘e available in sizes 18, 20, and 23 


‘ames. Three phase, 2 pole; 2 Norden-Ketay Resolvers... from 
hase, 4 pole; and 3 phase, 2 pole Coarse +0.2% to Precision 
iodels for 60 cycle operations are ed +0.05% ...for use in computers, 
: nage aes a ee 
vailable. 4 radar sweep circuits, phase shift- 


ers, and accurate data transmis- 
sion systems. 









CTION MOTORS 











MINIMUM MINIMUM 
OPERATING NO LOAD STALL TORQUE 
DUTY VOLTAGE SPEED (RPM 1OZ. IN SYNCHR RE LVER 
Continuous 3 Phase 115 V. 3300 3 ° sO s 
Intermittent 2 Phase 115/40 1500 2.7 ven tane tak perut vores CM one 
Intermittent 3 Phase 115 V. 3400 16 FRAME TT TEST IMPEDANCE RATING BETWEEN ANGULAR 
SIZE FREQUENCY VOLTAGE VOLTAGE OHMS (VAC NULL VOLTAGE ACCURACY 
(1) K101590 10 400 MV 26/12 2380 /67.7 26/11.8 90° +S° 30° SPD. 
K101580-5 10 400 MV 26 62 11.8 30° SPD. 
. 101D2A VW 400 MY 26 71 22 15 + 10° 
ffers precise tachometer generators for 60 and 400 101D2C 400 MV 26 76 11.8 15 10 
. a . . . 9 . . . ; 
. Units with linecrity of 0.1% are available in pro- 105D2C__1SRS4L 400 my 26 81 1.8 10" __20' SPO. 
es. Zero speed voltages are held to 5 millivolts in ererses 4 “ a ue << 
aie ° ° K101340 400 MV 26 61.3 d +§ 20° SPD. 
ts quadrature, and 15 millivolts third harmonic. (2) 105D2A2 400 MV 10 821 Sol, 
’ (2}10502K1 MK 4MODO 400 MV 15 78 0.1% 
Iso offers servo motor driven tachometer generators (2) 105D2K2 400 MV 15 78 
integrally mounted gear trains. Built for extreme am- (2) 10802K3 400 MV 78 
nts, these units assure dependability and long life. (71 10s 1008 yet Mw en 
nents and adaptations can generally be supplied. 105D9E 500 MV 15,000 (Tuned) 


113DI1F  23RS6A 
113D2G —23RS4A 
113D1D —-23RS6 
113D2E —.23RS4 
113D3T1 


MV 570/79 
Mv 234 83 
MV 585 61 
MV 720 80 
MY 975 86° @ 10V 













TACHOMETER-GENERATORS 


to these units, see corresponding motors as indicated. 








60 
400 
60 
400 
400 
NULL LINEARITY MAXIMUM ROTOR 1130372 400 MY 975/86" @ 10V 
ott, ee “eee | eee 113035 350 MV 1200 6 
2 RPM. FUND. MAX. @ 1000 R.P.M OUTPUT INERTIA 113D3S2 350 MV 86 
M.S. 025 % 4500 5.26 GM.CM. 113D3S3 350 MV 86 
t.M.S. 025 1% 4500 5.26 GM.CM. (3) 113D2P1 500 MV 
..M.S. 008 1 4500 5.26 GM.CM. (3) 113D2P2 500 MV 
..M.S. .008 4500 5.26 GM.CM. (2) 113D2R1_ 23RS4D 400 MV 86 
..M.S. 008 1% 4500 5.73 GM.CM. (2) 113D2R2 400 MV 86 
M.S. 1% 4500 5.73 GM.CM. 113DI1B_ —-23RS6S 60 Mv 78 
11303) 350 MV 85.7 
(2) 113D1N 60 MV 76.3 
*11) K101800-6 (2) K101660 = (3) K402560-1 (4) K402550-1 (2) nae sae 1.900 rest My Ia) 1h2s a 
113D1Q2 MV 1020/81.6 
pancake synchros, with maximum thickness as little as 113D2A _23RS4B MV 550/86 
re available for applications where minimum thickness 1302C__23RS4C MV 3200 86 


OY at) at) OP py) 8) ta) ot no) PF) a) oo) a) a 


105D2F = D-13310 MV 740/80 


in gyro pickoffs. Control transmitters, control trans- 
solver models are available. 









(1) High impedance unit (4) For these Sweep Resolvers input impedance is not considered. 
(2) Feedback Resolver Instead, inductance at 1000 c.p.s. is important. 


SAKE SYNCHRO 








INPUT INPUT INPUT OUTPUT ANGULAR (3) Geared housing 
VOLTAGE CURRENT POWER VOLTAGE ACCURACY 
26 V, 400 CPS 155 Ma. 2.1 W. 11.8 V. +20° Inductance ot 1000 c.p.s 
26 V, 400 CPS 80 Ma. 1.0 W. 11.8 V. + 20' 113D8H 105D8D 
0.4 V./Deg. _ . 
15 V, 400 CPS 80 Mo. 5.1 W, 90V. +20" Rotor winding 17.7 Mh 27 Mh 
40 V, 900 CPS 6 Ma. 40 V. Main Stator winding 16.2 Mh 24.6 Mh 





Feedback Stator winding 16.2 Mh 24.6 Mh 

















AMPLIFIERS AND GEAR TRAINS 





Amplifiers can be made in open, dust-proot or hermetically sealed packages. 
They can be individually designed and modified to meet customer’s electrical, mechanical and 
environmental specifications. Gears and gear trains of conventional and 
miniaturized types are available to meet the most demanding of design requirements. 


MAGNETIC AMPLIFIERS 


Magnetic Amplifiers are designed 
for use in Servo Systems 
employing two phase low inertia 
induction motors. They require 
no external tubes or separate 
bias, and operate directly from a 
line supply. They employ the 
latest half-wave self-saturating 
circuitry, insuring low response 
time, high gain and compactness. 
The half wave reset mode of 
operation of these units supplies 
very desirable quadrature 
rejection. These Magnetic 
Amplifiers are noted for long life, 
ruggedness, and dependability. 





RESOLVER AMPLIFIERS 
Resolver Amplifier Systems are made 
for precision resolver applications 
where accuracy, isolation, 

and reliable operation under 

severe environmental conditions is 
paramount. Subminiature packaging 
techniques, preferred type tubes and 
quality components assure 

reliability, compactness and long 

life. Two basic system types are 
standard: a system connection 
employing summing resistors; the 
other, where the input signals are 
series summed with the compensating 
winding signal and fed to the grid 

of the high gain amplifier. 





SERVO AMPLIFIERS 


Dual Channel Servo-Amplifier, Type SEA 
4-310, is made for servo-systems using 
miniature two-phase servo motors. 

Each amplifier channel is capable of accepting 
input error information, either 

in-phase or 90 degrees out of phase with the 
line of reference. Separate input 
terminals are provided for these inputs. 

For in-phase signals, the amplifier circuits 
provide the required 90 degrees phase 
shift for operation of the servo motor. 
Hence, the motor fixed field can operate 
without external phasing capacitors. 
Tuning capacitors for motor control 

fields are provided as integral part of 

each amplifier for power factor correction. 


CONTROL DEVICES 





Many control devices, designed and developed by Norden-Ketay engineers, are 
being produced in mass quantities. Custom engineered units, featuring resistance to humidity, 
corrosion and high temperatures, or having special configuration and other non-standard 
characteristics, will be made to meet the needs of your particular application. 


Norden-Ketay designs and manufactures a large variety 

of airborne instruments for engine and flight operation, 

for many aircraft, missile, marine, ordnance and civilian 
applications. Included are many special designs insuring a high 
level of performance, while meeting limitations of space 
and operating conditions. Norden-Ketay research 
laboratories are staffed and equipped to co-operate with 
engineers that find a need for electronic control devices 


in their particular project. 





NORDEN-KETAY (CORPORATION 


99 Park Avenue, New York 16, New York 
New York, N. Y. © Milford, Conn. * Commack, L. I., N. ¥. © Hawthorne, Calif. °° White Plains, N. Y. 


Subsidiaries: Vari-ohm Corporation, Amityville, L. 1., New York. * Nuclear Science and Engineering Corporation, Pittsburgh, Pa. 


ALSO SPECIALISTS IN POTENTIOMETERS ° 


SERVO MECHANISMS + GYRO COMPONENTS ° 
FIRE CONTROL SYSTEMS * NAVIGATIONAL SYSTEMS 


-. SYNCHRO OVERLOAD TRANSFORMERS 
COMPUTERS + DIGITAL CONVERTERS 





INDUSTRY’S 
PULSE 


Controls Pace 
Southeast Industrialization 


In fifteen years Florida’s manufacturing output has risen 500 
per cent. Meanwhile, Georgians too have flocked from farm to 
factory. In 1940, 43.6 per cent of them grew peaches, pecans, 
cotton, etc. Today 2 27.9 per cent cultivate the rich red soil. 

These figures typify the pace of industrialization throughout 
the Southeast. New and expanded factories have made. the 
region a top market for instrument and control makers. And 
competition among the myriad small plants is so keen that even 
some relatively new ones remain steady customers. For example, 
the Macon Kraft Co., Georgia papermaker, now uses 50 per 
cent more instrumentation than it did just seven years ago when 
the plant was built. 

From boll to bolt, cotton, still kingly, wears a crown of 
measurement and control. So do the other textiles that make 
up the Southeast’s largest industry. Most of the instrumentation 
was developed in mills to solve pressing problems. And some 
mills make equipment for their own use or even for sale. But 
thousands of small operators rely entirely on controls that come 
packaged with modern textile machines. 

Profit margins are so perilously slim in textiles that mills 
must insist on the most finicky measurements. Precise instru- 
ments are now available to gage such fiber characteristics as 
average length, distribution of length, average diameter, 
strength, friction or drag, color, and maturity. Up to the yarn 
stage, automatic control. lags behind measurement techniques. 
But in weaving, mills carefully control tension and moisture. 
And in the finishing stages, particularly dyeing, controls take 
over in elaborate fashion. 

The Southeast boasts at least 30 major computer centers, an 
outstanding example being Georgia Tech’s new $370,000 instal- 
lation. In this center the machines, including a big ERA 1101, 
are used for teaching, for solving problems arising from student 
and faculty research, and for providing consulting and comput- 
ing service to business and industry. Nearby, the Georgia Power 
Co. depends on the world’s first incremental cost computer to 
maximize the efficiency of power generation and distribution. 

Instrument and control makers are relatively new to the 
Southeast. In Melbourne and Orlando, Fla., Radiation, Inc., is 


Controls crown 
King Cotton 


Computer centers 
aid business, 
education, research 
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How to measure Pressure of 


wie Ve 


Ses E only simple, economical way we know to meas- 

ure the pressure of viscous liquids at temperatures 
as high as 750°F.—and particularly those that solidify 
at atmospheric temperatures—is to use one of the 
Taylor Volumetric Pressure instruments shown below. 
These completely sealed systems are ideal for viscous 
or corrosive liquids or liquids with suspended solids 
that you just can’t measure with a conventional open 
pressure system. They’re good for pressures from 0 to 


cOUS 
D 


15,000 Ibs. at temperatures as high as 750°F. (650° 
for continuous service). They can’t clog, because only 
a flexible, corrosion-resistant diaphragm or a fluted 
bulb are in contact with the fluid to be measured. The 
ability of these instruments to measure pressure at 
such high temperatures is a Taylor specialty. Available 
as indicators, recorders or controllers. Call your Taylor 
Field Engineer for full details on how they can be ap- 
plied to your pressure measurement problems. 


Taylor Instrument Companies, Rochester, N.Y., and Toronto, Canada. 








For pressure ranges as high 
as 0-15,000 psi or as low 
as 0-600 psi with tempera- 
tures to 750°F., (650° for 
continuous service). Newly 
designed fluted bulb is 
highly responsive. All parts 
exposed to process are of 
welded stainless steel con- 
struction. Tubing lengths 
up to 50 feet. 


SOLID FILLED 


P 











For pressure ranges up to 
0-600 psi or down to 0-25 
psi with temperatures as 
high as 750°F., (650° for 
continuous service). Dia- 
phragms available in stain- 
less steel, copper, monel, 
silver or tantalum. Tubing 
lengths to 150 feet. 














ok 








Instruments for indicating, recording and controlling 


temperature, pressure, flow, liquid level, speed, 


density, load and humidity. 
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3 ‘Taylor Instruments 


MEAN 


ACCURACY FIRST 








IN HOME AND INDUSTRY 





-»- INDUSTRY’S PULSE 


developing and producing a broad line of electronic and electro- 
mechanical equipment. Fairchild Aircraft has established 
new Speed Control Div. in St. Augustine. 

Sperry Gyroscope turns out guided missile components in 
Bristol, ‘Tenn. The University of Tennessee physics department 
has been particularly active in developing textile fiber instru- 
ments. Special Instruments Laboratory, Inc., in Knoxville makes 
several of the UT instruments. 

Southeastern industry is becoming increasingly control con- 
scious. One power plant spent $2.5 million to maliie operators 
from 26 to 6 men per shift. A modern hospital being built in 
Atlanta has a boiler plant whose controls and instruments repre- 
sented 50 per cent of the boiler room cost. About the region 
as a whole, these generalizations seem valid: 

> More companies are hiring instrument engineers in addi- 
tion to instrument mechanics. 


> Scanning techniques are becoming popular for assembling 


and collating the information on instrument panels. 

> Process industries are building more central control rooms, 
although some engineers feel that these rooms tend to become 
too large and complex. 

> Electronic control seems interesting, but most plants are 
sticking to familiar, reliable pneumatic systems. 

The Southeast still relies on other regions for the bulk of its 
instruments and control equipment. But in at least one place 
the dependence is being reversed. Researchers at Oak Ridge 
National Laboratory are “solving control problems that conven- 
tional industries have not yet even encountered. Instruments 
for “hot” areas must be super-reliable because they are so hard 
to maintain. And work is being done on flow control in the 
neighborhood of 1 cc per min. Thus while drawing on the 
instrument and control industry as a whole, the Southeast is 
depositing its share of technological ingenuity. 














Industries pay 
plenty for controls 














Bristol... automation... 
and you 


Magic word, automation. Or push-button operation. It’s a breath-taking 
concept, too — plants running practically unattended. 
Breath-taking — but not new. 


BRISTOL COORDINATED CONTROL SYSTEM auto- 
matically controls operation of “Columbia” 
Activated Carbon Solvent Recovery Plant at the 
New York Daily News. Similar control systems 
are used in many other solvent recovery plants 
designed and supplied by Carbide and Carbon 
Chemicals Company, a Division of Union 
Carbide and Carbon Corporation. 


BRISTOL’S “MECHANICAL BRAIN” is the leader 
of the Coordinated Process Control System. . . 
accurately coordinating all the variables, includ- 
ing mechanical operations, so that each phase 
of the process takes place in proper sequence. 


AUTOMATION is often thought of in terms of 
plans or even dreams; here at the Buffalo Foam 
Rubber Products Plant of the Dunlop Tire and 
Rubber Corporation, it is a reality. This auto- 
matic plant, designed and built by Mechanical 
Handling Systems, Inc., Detroit, uses Bristol 
Dynamaster® Electronic Instruments and 
Automatic Controllers as part of a process em- 
ploying today’s most advanced automatic pro- 
duction techniques. The result — greater effici- 
ency and productivity, lower costs, improved 
product, and stronger competitive position. 


THE WORLD’S LARGEST COAL CLEANING PLANT 
employs automation in lubricating system. The 
Hanna Coal Co., Adena, Ohio, uses Bristol Con- 
trols and Recorders in its fully automatic time- 
controlled centralized system for mass lubrica- 
tion. This system promotes safety and, above all, 
insures positive delivery of the right lubricant 
in the right quantities at the right time to all 
bearings, regardless of operating conditions. 
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Twenty-one years ago... 


"Way back in 1934, The Bristol Company 
led the way in the field of automation by de- 
veloping the Bristol Systems of Coordinated 
Process Control. 

These systems automatically controlled and 
coordinated all of the variables and operations 
of a process—such as the time of operation of 
valves, pumps, blowers, dampers, and the con- 
trol, at a definite value or according to a time 
program, of variables that affected the uniform- 
ity, quality, cost, and yield of a product — such 
as temperature, pressure, liquid level, flow, pH, 
humidity, and speed. 

RESULTS: They eliminated variations in process- 
ing that caused inefficiency — cut down rejec- 
tions and waste — insured product uniformity — 
helped cut processing time as much as from 
10 days to less than 30 minutes. And these 
systems quickly paid for themselves. 

A REVOLUTIONARY CONCEPT: They brought 
automatic plant operation to a startling reality 
and were hailed at the time as a fundamentally 
new development — which would in time revo- 
lutionize manufacturing. 

Today, Bristol Coordinated Control Systems 
are used in the chemical, oil refining, rubber, 
tobacco, textile, steel, metal working, food, 
paper, the automotive industries, and many 
others. They are so completely automatic that it 
is only necessary to push a button to start up, 
another to shut down. 


The modern solution to processing and 


AUTOMATIC CONTROLLING, 


|e aoe 


manufacturing control problems 


Bristol's System of Coordinated Process Con- 
trol is made possible only by the following 


BRISTOL 


Humidity. 


Operations 


pH and Conductivity. 
Speed of Travel and Rotation. 


Voltage, Current, Power, and 
Load Totalization. 


Mechanical Motion, Position and 


unique combination of facilities, which have 
been developed during 66 years of building and 
applying thousands of automatic control sys- 
tems and instruments in practically all industries: 


1. The complete line of modern Bristol Auto- 
matic, Controlling, Recording, Electronic, 
and Telemetering Instruments, represent- 
ing some of the most advanced ideas in 
instrument engineering. 


. Bristol’s Fully-Automatic Time-Cycle 
Controllers or “Mechanical Brains”. 


. Bristol's ability to combine electronics and 
the mechanical phases of automation. 


. The ability and facilities of Bristol's engi- 
neering staff, gained by long experience 
and Bristol’s pioneering work in the field 
of automation. 


Bristol Application Engineering 


is at your service: 


Our application and field engineers are ready 
to solve control problems involving automation 
and Coordinated Process Control Systems by 
working jointly with your research, develop- 
ment, and plant engineers. 


Have you an automation problem? 


Our application engineers and nation-wide 
group of field engineers would like an oppor- 
tunity to work with your technical staff on any 
problems of automation for which Bristol Con- 
trolling and Recording Equipment and Bristol 
Coordinated Control Systems appear to be the 
solution. 53 


PRODUCTS: 


Automatic Controlling, Recording, and Telemetering Instruments for: 


Pressure, Vacuum, Absolute Pressure, 
Draft, Differential Pressure, and 
Barometric Pressure. 

Temperature (Thermometers, Potentiometers 
and Pyrometers). 

Flow, Water and Liquid Level, 

and Specific Gravity. 


Including: 


Automatic Control Systems 
Electronic Potentiometers 
Graphic Panel Instruments 
Time-Cycle Controllers 
Time-Program Controllers 


Pneumatic and Electric Controllers 


Instrument Panels 
Control Valves 


Write to The Bristol Company, 101 Bristol Road, Waterbury 20, Conn. 


BRISTOL 


RECORDING AND TELEMETERING 


BRISTOL'S 


POINTS THE WAY IN 
HUMAN-ENGINEERED INSTRUMENTATION 


INSTRUMENTS 
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ANTI-PARALLAX 


ur) qhist-jle), | 


is yours in this 


new thermometer 


Now you can read temperatures right at the process with 
the same ease, accuracy and economy as pressure readings. 
The Anti-Parallax Maxivision Dial on this new all stain- 
less steel American Bi-Metal Thermometer assures these 
important advantages. The large, easy-to-read black fig- 
ures and graduations are carried on a raised ring set close 
to the glass, with pointer at the same level. Parallax error 
is practically eliminated. 


With this new thermometer in service, field operators can 
eliminate frequent trips to the control house to observe 
process changes. Indoors or outdoors, this fine, all stain- 
less steel American instrument is truly climate-proof. 
Because the case is only 3” in diameter, the thermometer 
fits where space is limited. Ample clearance behind the 
case makes installation easy and fast with a small wrench. 
Read the specification highlights, then get full details about 
this new high-accuracy American Bi-Metal Thermometer. 


Beata eegateos 


PHONE your Industrial Supply Distributor for 
prompt attention to your needs. He is 
always ready to help keep your pro- 
duction going by making fast delivery 
from local stocks. 


AN iN 





SPECIFICATIONS 


New AMERICAN ALL-STAINLESS 
STEEL BI-METAL THERMOMETER 


with ANTI-PARALLAX MAXIVISION DIAL 


Dial: Exclusive anti-parallax Maxivision dial, with scale ap- 
proximately 6” long. Pointer set at same level as scale. 


Climate-Proof Case: All stainless steel. 3” diameter. 
Threaded bezel. Selected clear, extra-heavy cover glass. 
Heat-resistant gaskets between glass and case seal the 
thermometer against rain, frost, sand, dust, fumes—climate- 
proof. 


Temperature Ranges: From minus 80° to plus 1000° F. 
Accuracy within 1% of range. 


Low-Mass Bi-Metal Coil: Welded to stem plug. Accurately 
centered in stem. Non-freezing, non-corrosive silicone fluid 
on coil dampens vibration, accelerates heat transfer, speeds 
response; does not gum, resists capillary action. 


Pointer: index type. Easily accessible from front of dial 
for positive adjustment over entire range. Pointer shaft 
guided by friction-free bearings. 


Stem: 18-8 stainless steel, mirror polished. All joints welded. 
Resists corrosion. Provides strong, rigid and tight closure 
against process pressures. Lengths: 212” to 24”. 
Connection: Fixed, ¥2” N. P. T. 

Separable Sockets: Available for use in closed systems or 


where measured medium is corrosive to the stainless steel 
stem. Fit over all standard stem lengths except 21”. 


se OT. 1. TINSTRUMENTS 


ww _ A product of MANNING, MAXWELL & MOORE, INC. stratrorD, CONNECTICUT 


MAKERS OF ‘ASHCROFT’ GAUGES, ‘AMERICAN-MICROSEN’ INDUSTRIAL ELECTRONIC INSTRUMENTS, ‘CONSOLIDATED’ 
SAFETY AND RELIEF VALVES, Stratford, Conn. HANCOCK VALVES, Watertown, Mass. ‘CONSOLIDATED’ SAFETY RELIEF 
VALVES, Tulsa, Oklahoma. AIRCRAFT CONTROL PRODUCTS, Danbury & Strotford, Conn. and Inglewood, Calif. ““SHAW-BOX”’ 
AND ‘LOAD LIFTER’ CRANES, ‘BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES, Muskegon, Mich. 
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Broaden 


Your 


Scope 


Modern control systems are often strange mixtures of principles and technolo- 
gies. Their very oddness carries an important implication for control engincers. 

Control systems almost always have some moving parts; that is, they are partly 
mechanical. The remainder may be electric or pneumatic. Or it may have optic or 
hydraulic elements, or even nuclear radiation sources. 

The measurements may involve the characteristics of thermal, chemical, or elec- 
tromagnetic systems. And the properties of the more and more varied controlled 
system also must impress themselves on the controller. 

The probability, then, is not that these systems might be odd-seeming mixtures 
but that they must be such. The fact that they are sleonlly an incredible variety of 
disparate devices called upon to work in harmony is well known to the control engi 
neer. That they will become still more so is evident. Every day automatic control is 
being demanded by different and previously uninterested industries. 

Any single control system may contain many techniques that until now have 
been properly part of different engineering specialties. To make it worse, the most 
efficient solution to a particular problem may involve using a method different from 
the “obvious” solution, a method with its roots in one of these specialties. 

From the systems viewpoint, the control engineer must be able to describe the 
dynamics of every part of the control loop, regardless of the specialties involved. This 
would seem to require that the control engineer be more than an engineer. He must 
be a scientist, if the breadth of his knowledge is the qualification. 

Since most of our engineers are the products of specialized undergraduate cur 
ricula, there is a great need for an awareness of this peculiarity of control to become 
all things at once. The scope of the field indicates that the control engineer must 
broaden his knowledge if he would do his job properly. 

Controt ENGINEERING helps by supplying the ties with which these seeming]; 
loose ends can be bound into one coherent field. But the primary educational job 
teally falls where it always did: at the undergraduate level in our colleges and univer 
sities. ‘The colleges must start turning out young men who can apply aan in all 
of the many atts embraced by automatic control. Men who specialize in nothing 
Nothing but control, that is. 

THE EDITORS 


APRIL 1955 43 














Typical bank of centrifugal pumps in a tankless water distribution 
system. Motors are shown, pumps are below the floor. FIG. 1 


Control cabinet for tankless water system at Dow Chemical Co. 
Pumps in Figure 1 are controlled from a cabinet like this. FIG. 2 


Keep Water Pressure 
Constant Through 
Pump Control 


BRUCE A. JAMES, Automatic Control Co. 


The goal of any water system is constant pressure 
—constant pressure no matter what the demand. 

The average user, though, is not much concerned 
about constant pressure. Rather, he wants pressure 
constantly. Pressure variations don’t bother him so 
long as every time he opens a tap, water gushes 
forth. 

But there is a world of difference between having 
pressure constantly and having constant pressure. 

There are only two ways we can ensure a constant 
flow of water. One is to make the demand constant. 
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But practically speaking, demand is never constant. 
And whenever an industrial system draws from a 
municipal system there is an even greater demand 
variation. Demand is the most variable factor of all 
—unless we set up a separate system for each tap. 

The other way to assure constant water flow is 
to keep pressure constant. As demand changes 
throughout the system, so does pressure, unless we 
compensate automatically for demand changes. And 
if we overcome demand changes, we can keep pres- 
sure constant, regardless of drawoffs. 

How can we do this? Let’s look at the three wavs 
to get water from the earth to the user. 





Daily Cycle Weekly Cycle Seasonal Cycle 


THE GIST: Supplying water for industrial and municipal sys- 
tems is a complex and costly proposition. A water distribu- 
tion system for a large industrial plant may have supply 
requirements ranging from 1,000 to 10,000 gallons per 
minute for such a variety of things as an overall fire protec- 
tion system, a treatment plant for boiler feedwater, an air 
conditioning system for cooling, and process vats for manu- 
facturing—all in addition to a standard sanitary system. 
These facilities need an approximately constant-pressure 
water supply, even in the face of daily, weekly, and seasonal 
demand fluctuations such as shown on the accompaning 
charts. There are several ways to supply water for such a 
system. But only the tankless method, using multiple pumps, 
automatic control, and programming, will perform well at 
low cost while keeping the supply pressure within close limits. 


First is the reservoir. The initial cost is high for 
an elevated tank, and the pressure is not as stable as 
often assumed, 

Second is the hydropneumatic tank—the pressure 
tank. It is wasteful of both power and pump when 
demand is high. The pumps have to run nearly 
continuously, and any time pump cycles (pump on, 
pump off is one cycle) go above six an hour, motor- 
starter and pump wear is exorbitant. 

The third way to get water to the user is a tankless 
system—using pumps alone to supply the demand. 
Such a system has many benefits. Initial costs are 
low. And pump wear is held to a minimum, for 
pumps run only when needed. Best of all, a tankless 
system closely approaches our ideal of constant pres- 
sure in spite of demand changes. 

In a tankless system, water is pumped directly to 
the user. It flows from the pumping station under 
nearly constant pressure, regardless of demand. So 
we get constant pressure and high operating effi- 
ciencies but have no large investment. 

Pump and control specifications for the tankless 
system can be accurately graphed in the design 
stages. System design starts with figuring demand 
variations—from maximum to minimum. Then the 
constant pressure we want is determined. When we 
have figured the head and flow needed, we look at 
pump characteristics (Figure 3, next page). 


Elevated tank systems use pumps with a “steep 


curve.” Such pumps have a relatively small change 
in flow rate for a substantial head variation (Figure 
4) and so are ideal for supplying a fairly constant 
flow to the tank, to keep friction loss constant. 

Pumps for the tankless system are selected on an 
entirely different basis from pumps for the elevated 
tank. The “steep-curve’”” pump is entirely unsuited 
for the tankless system. Here we need pumps with 
the opposite characteristic—a wide variation in flow 
with a small pressure difference. Pumps in a tank- 
less system are used as a flow meter and no orifice 
plate or venturi tube sensing element is needed to 
operate the controls (Ed. note—an interesting con- 
cept; using the system actuator or power element 
to monitor the controlled variable instead of a sepa- 
rate sensing element). 

Because pressure drops with increasing flow and 
rises with a diminishing flow, limits of pressure vari- 
ation are determined by the pump and not by the 
control (Figure 5). The flatter the pump curve, the 
smaller the pressure variation. 

From the standpoint of surge and fluctuation, this 
tankless system is the most stable of the three sys- 
tems. In an elevated-tank system when the pumps 
aren't running and the tank alone supplies demand, 
pressure charts resemble Figure 6A. With the pumps 
operating, the running surge is reduced as shown in 
Figure 6B, since the pump partially compensates for 
demand variations that cause surges. 
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Characteristics of centrifugal pumps: 
constant speed and suction head. FIG. 3 


‘The “flat-curve” pump used in the tankless sys- 
tem can absorb even more fluctuations. Under simi- 
lar conditions the pressure chart is much smoother 
(Figure 6C). 

Demand, as we said before, is not constant. Since 
it is costly in machinery and power to use more 
horsepower than needed, a tankless system always 
has more than one pump. Thus, when demand is 
at a minimum, one small pump is adequate. As 
demand goes up, more pumps are cut in, keeping 
the pressure as constant as possible. Instead of 
designing a system only for maximum capacity, it also 
can be designed for trends in consumption. 


SEQUENCED OPERATION 


We can have pumps all the same size or pumps 
of different sizes in a tankless system. 

If we have multiple pumps of equal capacity and 
identical curves, we run them in sequence. As 
demand increases, more pumps turn on automati- 


Pressure 


Pressure 





Steep characteristic curve as in 
elevated tank systems. FIG. 4 


Flow Flow 


Flat characteristic curve for pumps 
used in tankless systems. FIG. 5 


cally. Figure 7 shows composite curves for a group 
of pumps. The system friction curve at the bottom 
of the diagram determines the location of the trans- 
fer point in sequence operation. ‘The intersections 
of the horizontal lines marked low limit and high 
limit with the pump curves are the control points. 
To maintain pressure in a sequenced system, one 
pump is run continuously. ‘This, the lead pump, 
is selected for minimum demand only. As demand 
increases, the flow increases and the pressure drops 
to the intersection of the low-limit line and the first 
pump curve (Figure 8). This point is sensed by the 
control which automatically turns on a second pump 
to increase the system pressure. If demand increases 
further still, pressure decreases along the second 
pump curve, until the third pump is turned on. 
Each time a low limit is reached, the control auto- 
matically transfers the system to the next curve by 
adding an additional pump. This continues until 
the demand stabilizes at some point. Under normal 
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Pressure variations in elevated tank and tankless systems. (A) Elevated tank; pump not 
operating. (B) Same; pump operating. (C) Tankless system; pump operating. FIG. 6 
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conditions, the demand will stay in balance for a 
while and then either increase further or diminish. 

When the trend reverses, the pressure ascends 
along the pump curve until the high-limit line is 
reached. At that point the system is transferred back 
to the preceding curve, cutting out the last pump. 
‘This process continues until the demand stabilizes. 
Kach time the high limit is reached, the number 
of pumps running is reduced and demand is sup- 
plied with less horsepower. 

When there is no demand the lead pump con- 
tinues running. ‘To prevent cavitation, a bypass is 
installed in the line so that water is constantly fed 
to the pump. 

When the change in demand causes a shift to 
another curve, the intercept on the new curve is 
below the high-limit (or above the low-limit) line. 
This is essential to prevent hunting. An overlap (the 
shaded area in Figure 9) must be provided. 

‘To approach the ideal of constant pressure (repre- 
sented by the norm line in Figure 10), the high-limit 
and low-limit lines must be as close to the norm line 
as possible—a condition that depends on the shape 
of the pump curves. The flatter the curves, the 
narrower the field between the high and low limits. 
As we said before, the curve is determined by the 
pump rather than by the control system. For any 
tankless system it is not enough to specify a nominal 
pump rating; specific deliveries at high and low 
limits plus maximum efficiency between these limits 
are required. 

Such a system will run smoothly without shock or 
surge. If pumps are properly selected and controlled, 
there is no need for manipulating valves or using 
hydraulically operated cone valves. And if one of 
the pumps in the sequence is disconnected, the con- 
trol system will automatically cut in standby pumps. 


PROGRAMMED OPERATION 


So much for tankless systems using equal-capacity 
pumps. Multiple pumps of unequal capacities are 
operated in a programmed arrangement. Here the 
load is shifted from one small pump to several small 
pumps, then to one large pump. This system is more 
complex than a sequence operation arrangement, 
since the load is shifted from a pump of small capac- 
ity to a larger pump, and back again. 

The lead pump is selected to meet minimum de- 
mand while others develop a smooth curve. 

Figure 1] shows such a curve for four pumps, five 
steps. ‘Iwo pumps are of one size and two of an- 
other—a practical selection that not only gives 
standby protection, but also helps equalize wear with 
alternate use. 

The operation of this system is similar to the 
sequence type, except that the control system must 
provide one additional feature. When a smaller 
pump is cut out in favor of a large one (or vice 
versa), the control system must keep the former 
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Sequential operation characteristic curves for six pumps. When 
each pump starts, the corresponding curve applies. FIG. 7 


Demand balonce 


High limit 


~~-Low limit 


Pressure 








Pump + Pump + Pump + Pump + Stond-by pumps 
1 2 3 a 


Flow 
Sequential operation of pumps to meet increasing demand. 
Similar curve is followed for decreasing demand, FIG. 8 
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Object is to operate close to norm line. Flatter characteristic 
curves means narrower limit zone. FIG. 10 
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Power supply 


pump in operation until the new one can pick up 
the load. With proper controls the pump transfer 
is smooth without surging. 


SUCTION PRESSURE 


Pump curves are based on zero suction pressure. 
But suction head (intake pressure) often varies in 
water-supply systems. A variation in suction head 
causes pump curves to shift, changing their output 
pressure in proportion to the change in suction pres- 
sure (Figure 13). 

‘This situation can develop in deepwell pumping 
where drawdown of the water table occurs during 
heavy pumping periods. 

Our discussion of pump curves was based on con- 
stant suction pressure. With changes in suction 
pressure, the norm and the high-pressure and low- 
pressure limits all shift. The high-pressure limit 
drops below the previously established low limit. 

The object then is to return the pressure back 
to where it was before the change in suction pressure, 
or to go from point A to point B (Figure 14). But 
it is impossible to go from A to B. 


TANKLESS CONTROL SYSTEM 
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The ideal way to handle variable suction pressure 
is to eliminate it. ‘his can be done by a small sump 
at the intake side of the pump (Figure 15). ‘This 
will hold suction pressure at a relatively constant 
value, regardless of variations in the sump supply. 
When system demands drop, the sump supply can 
bypass back to the source. For example, if it were 
a deepwell system discharging into the sump, under 
low-demand conditions the overflow could be dis- 
charged back into the ground. This is the best 
solution to varying suction pressures. 

However, there are compromises. One of these 
is to zone the suction pressure. Between A and B 
(Figure 14) an infinite number of zones could be 
cstablished. But from a practical viewpoint it’s 
desirable to establish a minimum number of zones. 

The high limit of one zone must be higher than 
the low limit of the following zone. Also as pumps 
are withdrawn or added, the return from one curve 
to another curve must be on a different line so that 
hunting doesn’t occur. Zoning suction pressure 
requires a lot of analysis and paperwork. 

A better compromise solution is to continuously 
balance the suction pressure against the discharge 
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Programmed operation characteristic curves for 
four pumps. Two different sized pumps are used 
so that program can be alternated. FIG. 11 
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Typical system diagram for a tankless water dis- 
tribution system. It consists of distribution area, 
pumping station and control equipment. FIG. 12 
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Suction shift from 0 to minus 20 psig causes 
output shift from 35 to 15 psig. FIG. 13 
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Change in output pressures caused by drop in suction 
pressure. This shift should be compensated. FIG. 14 








One way to compensate for a shift in suction pressure is to eliminate it. This 
can be accomplished by a small sump at the intake to the pumps. FIG. 15 


pressure. A balance amplifier senses the suction 
pressure. ‘Ihis is used to correct the base level of 
the pressure-sensing element. 

Some feel variable suction pressure is not a 
problem, but rather flow is the determining factor. 
This is wrong when applied to the tankless system, 
since the pump curve is the controlling characteristic. 


CONTROL SYSTEM OPERATION 


An automatic control system for sequence or 
programmed operation of a multiple-pump tankless 
system includes sensitive pressure or float sensors, 
pilot and operating relays, alternators to equalize 
pump wear, and such protective devices as interlocks, 
time-delay elements, and alarms (Figure 12). Often 
remote transmission circuits also are necessary. 

Sensors detect system pressures. 


These operate 


pilot relays when the predetermined pressure limits 
are reached. ‘The pilot circuits operate load relays, 
which turn on or off pump motor-starters to main 
tain constant pressure. Electrical interlocks com 
pensate for friction-loss changes that cccur as dif 
ferent capacity pumps are introduced into the system. 
‘Time-delay elements prevent pump operation from 
surges. Other protective devices shut off the system 
when pump suction pressure drops below safe limits, 
preventing damage from dry operation. Automatic 
alternators shift pump sequences to equalize wear. 

Controls mean everything to the tankless system, 
for far better than any operator they can turn pumps 
on and off to meet changing demand conditions, yet 
always keep pressure as nearly constant as possible. 
And controls must always be allowed to set the mini 
mum load, for they will maintain adequate pressure 
and flow automatically. 
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LIGHT-PULSE CONTROL CIRCUIT. Fic. 1 
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WITHOUT FRICTION OR WEAR 


Experiments with optical gratings and 
photocell pickups further demonstrate the 
practicality of using light pulses to measure 
machine tool travel even to an accuracy of 


millionths of an inch if necessary. 


J. H. BROWN, Servomechanisms Laboratory, MIT 


When the Servomechanisms Laboratory of MIT 
wanted to apply automatic control to a milling 
machine, the problem of accurately measuring 
motion over a distance of 6 ft had to be solved. 
Accuracy requirements of the digital electronic con- 
trol system using punched paper tape input were 
arbitrarily set at .0005 in. Adequate measurement 
was accomplished with synchro receivers coupled to 
the milling machine through racks and gears. 

Hopes of advancing accuracy to 0.0001 in. called 
for investigation of optical techniques. Indeed, the 
combination of optics and electronics promises to 
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couple the high accuracy of optical mechanisms, the 
wearless action of photo-electric pickups, and the 
high speeds of electronic control circuits. 

Commonly available for spectrometer use are 
optical gratings consisting of lines on highly polished 
glass spaced from 500 to 30,000 to the inch by photo- 
graphic or metal deposit techniques. Using the 
motion of such a grating to interrupt a thin slit of 
light results in a series of light pulses. Counting 
these pulses with a photocell connected to an elec- 
tronic counter makes it possible to read off the dis- 
tance the grating has traveled. 

Differentiation between backward and forward 
motions adds pulses for one direction and subtracts 
them for the other. The number shown in the 
register will then always correspond to the position 
of the grating. Placing another number in the coun- 
ter—a command number—and using the pulses from 
the grating to reduce this number to zero, closes 
the loop, light pulses being the feedback signal. 

The command number from the “director”, it will 
be noted, is not a set-point value, but a change-of- 





position value. ‘Thirty “added” pulses from the direc- 
tor means that the machine must move 30 steps. As 
the machine moves the 30 steps, it diminishes the 
number 30 in the summing register, so that when the 
machine is at its new “target point,” the summing 
register indicates zero. If the machine is to be 
moved in the other direction, 30 “subtract” pulses 
enter the summing register, making the grating in- 
troduce 30 “addition” pulses into the register. 
Information on the direction of motion can also 
be obtained directly from the light pulses. Let us 
say that three phototubes are so placed that only one 
at a time is fully exposed to light coming through 
two gratings, one motionless, the other traveling. 
As shown in Figure 1, three stationary “secondary” 
gratings are 120 degrees “out of phase” with each 
other. The stationary gratings have the same line 
spacing as the moving “primary” grating, although 
the diagram show them as single slits. Thus only 
one secondary grating at a time can have its lines 
coinciding with those of the primary grating. When 
the primary grating goes to the left, a full pulse of 
light goes through the secondary gratings to their 
associated phototubes in the sequence A, B, C. If 
immediately after passing a light pulse through C, 
the primary grating moves in the opposite direction, 
the light pulses would run in the order C, B, A. If 
the grating continues to move, the effect is C. B, A, 
C,.B. A, etc. If a circuit can then detect whether 
the A pulse is preceeded by a C or a B pulse, it will 
indicate the direction of grating motion. This creates 
a vernier effect since the motion of only one space 


by the primary grating has been used to produce 


three full electrical pulses. Using four secondarv 
gratings, as does the MIT machine. the direction-of- 
motion-circuit remains essentially the same, only one 


stage larger, but the accuracy of the system is 
larger by another factor. Hence, a primary grating 
with 2,500 lines to the inch can be used to provide 
10,000 pulses per inch of travel, with four photo 
tubes and four secondary gratings. 

Figure 2 illustrates the operation of the direction- 
sensing circuit. In practice, one of the flip-flops 
is always in the 1 state, and the other two in the 0 
state. Let us say that flip-flop A is in the 1 state. 
Gates Gs and Gz will be closed. A pulse coming 
from phototube B will go through G; to the “add” 
input of the summing register. If the pulse comes 
from phototube C, it will pass through gate Ge, and 
enter the “substract” input of the summing register. 
If the latter takes place, the pulse will also go to 
the 0 input of flip-flop A, driving it to the 0 state. 
This pulse will have also driven flip-flop C to the 
1 state. Gates G, and G; will now be closed. 


GRATINGS 


Commercial gratings are available which have an 
integrated, or summed, accuracy of one part in 10,000. 
For an accuracy of 0.0001 in. with three viewing units 
primary grating could be no longer than 3 in. Four 
viewing units would increase the minimum primary 
grating length to 4 in. The addition of photocells 
and secondary gratings increases the size of inter- 
preting circuits proportionally, however, placing a 
practical limit on primary grating length to well 
under | ft. To avert this difficulty, any number of 
lengths of staggered, or slightly overlapping, primary 
gratings can be used, each separately mounted and 
adjusted to compensate for accumulative inaccuracy. 

As might be expected, the greatest difficulty in the 
construction of grating measurement systems is the 
mechanism for electrically sensing the passage of the 
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waves of light produced by the moving gratings. 
As the beams of light produced through the gratings 
are too narrow to be used with a conventional 
light source and photocell pickup, optical manipula- 
tions are required. The RCA 1P42_ phototube 
being about } in. diam makes possible a_ fairly 
simple optical system, however. At the suggestion 
of Bausch and Lomb, who made the gratings used, 
the image of the primary grating was enlarged ten 
diameters and projected onto the secondary grating, 
which was made correspondingly larger. The slits 
were now of a size suitable for direct application 
onto the phototube, with suitable masking. 
However, the problem of utilizing the output from 
the phototube is not so easily solved. The maxi- 
mum output of the phototube is approximately 0.1 
microamperes for the maximum light transmitted 
by the gratings. If the anode of the phototube is 
kept above 20 volts, and a 10 megohm load resistor 
used, the maximum voltage output of the tube is 1 
volt. Because of stray light within the system and 
light defraction caused by the grating and the lens 
system, the minimum amount of light passing 
through the gratings produced a voltage of 0.4 maxi- 
mum. To provide for changes in characteristics of 
the phototube, the gating circuit should operate when 
the output of the phototube changes to 0.8 volt. 
However, although the maximum table speed of the 
milling machine would produce a 128 cps output 
on each phototube, the minimum speed is very slow. 
This created problems in coupling a phototube ampli- 
fier to the gating circuit, which operates on a 10 
volt change. Line variations, heater changes, plus 
phototube and light source aging being emphasized 
by direct coupling, a 1000 cps carrier was used to 
enable indirect coupling. Despite attempts to com- 
pensate for them, the high impedance and strav 
capacitance of the phototube made this approach 


impractical. The circuit finally chosen uses direct 
coupling throughout, and is shown in Figure 3. It 
will operate the gate on a phototube voltage change 
of 0.2 volts. 

This circuit contains the amplifier for the photo 
tube, a current-level selector circuit, and the pulse 
gate circuit. The current-level selector circuit is 
specifically designed to overcome the slow amplitude 
variations of the phototube, its amplifier, and the 
light source. Heart of the current-level circuit is a 
storage circuit which compares the value of previous 
maximum currents with incoming pulses, operating 
the gate circuit when a difference occurs. ‘This cir- 
cuit is designed to accommodate itself to slowly 
changing amplitudes—changes that occur at a rate 
less then the slowest likely motion of the machine 
measured. Different rulings of the gratings, especi- 
ally those producing 100 per cent cutoff of the trans- 
mitted light, would considerably simplify the circuits. 
Involved in the design of such gratings would be 
grating diffraction and the resolution of lens systems 
used, including that of the light source. 

Statements made about grating dimensions would 
be contingent upon these factors, which should be 
fairly amenable to experimental manipulation. ‘Two 
gratings with equal slit width can be directly super- 
imposed, for example, and the ratio of clear space 
to opaque spacing can be adjusted by moving the 
two gratings relative to each other. 

The basic notions of this system, without gratings, 
can be adapted to interferometer setups as well, 
providing accuracy in the range of at least 0.00001 
in. and possibly three or four millionths of an inch. 

Through work such as this in the U. S. and 
abroad, the old technical and economic barriers 
that have restricted machine tool design are yield- 
ing. Designers should have fewer measurement and 
control restraints to cope with in the future. 
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Note: 
All resistors 3 wort unless 
noted otherwise 


and pulse synchronizing circuit. FIG. 3 





WHAT'S AVAILABLE 


FOR 





High-Pressure Measurement 
and Control 


High pressure operation is an art, rather than a science, 


practiced by ingenious engineers and technicians. This 


article describes 


the special equipment and techniques 


they have developed for measurement and control. It 


also suggests and discusses techniques not yet in service. 


W. H. HOWE, The Foxboro Co. 


MEASUREMENT OF HIGH-PRESSURE REACTIONS, eSsen- 
tial in itself, provides the necessary information for 
control. Unstable high pressure reactions require 
automatic control to: 
> Produce to specification 
> Ensure the safety of plant and personnel. 

Around the basic framework of measurement and 
control are the bounds imposed by: 
> Physical limitations of the materials from which 

the piping and vessels are made 
> High cost of extensive testing at high pressure 


> Ignorance of practical high-pressure operation 
P Secrecy restrictions. 


HOW HIGH IS HIGH PRESSURE? 


The top limit is cost. The lower limit is an arbi 
trary 10,000 psi, below which conventional tech 
niques and equipment apply. Above that, the spe 
cial problems of high pressures become important. 
In addition, apparatus for operation above 10,000 
psi usually is specified to withstand one application 
of test pressure. The user decides the test pressure 
by balancing apparatus life, actual operating pres 
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Excellent primary element for 
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sure, margin of safety, and the pressure ranges of the 
rest of the processing equipment. 


Differential Pressure 


Where the pressure difference is of the same order 
of magnitude as the static pressure, the outputs of 
two pressure springs, two strain cells, or two bulk- 
compression cells are differenced. But as the ratio 
of the differential to the static pressure decreases, 
errors progressively increase. 

Low differential is measured at high pressure by 
the inductive cell, assembly shown in Figure 5. 
It has passed laboratory tests at 50,000 psi. 


The specific resistance of most metals changes when 
subjected to fluid pressure. Varying greatly between 
materials, the effect is small compared with the change 
in resistivity with temperature, as the illustration 
shows. Temperature sensitivity is high at elevated 
pressures because the fluid’s compression is adiabatic. 
Thus a transient temperature change results from a 
pressure change, even when a constant-temperature 
bath surrounds the assembly. 

The cell uses a fine wire of manganin or gold 
chrome. Although manganin has the higher absolute 
pressure coefficient of resistance, a properly treated 
gold-chrome wire has the greater ratio of pressure co- 
efficient to temperature coefficient and is therefore the 
preferred material. FIG. 3 


—<SHRRRRERE RRR E eH 


Bourdon pressure springs specifically designed for 
high-pressure use are the safest and most reliable. The 
material is tvpe 316 stainless steel, chosen because of 
its resistance to corrosion and to strain-embrittlement. 
Fabricated from tubing with a high ratio of wall thick- 
ness to inside diameter and with a limited flattening, 
the deflection per coil is extremely small. Therefore, 
a large number of coils increase rotation and mini- 
mize the multiplication of the linkage between spring 
and indicator or recording pen. 

Heavy cold working in drawing, forming, and coiling 
plus pressure autofrettage above rated pressure pro- 
vide adequate spring properties. FIG. 1 
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Resistance change-P.P.M. 


Motion 


The inductive pickup assembly developed for the 
differential-pressures cell offers a general method 
for motion measurement within high-pressure vessels. 
Minimum motion for full scale output is 0.010 in. 
Motions up to one foot should be possible. Design 
recommendations: 
> Length of ferromagnetic slug = measured motion 
> Coil structure = twice measured motion 
> ‘Tube proportionately longer 


Pressure Standards 


Up to 50,000 psi, the standard is a dead weight 


(continued on Page 56) 
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The strain cell manufactured by Baldwin-Lima- 
Hamilton consists of a rectangular block with a 
cylindrical hole into which the pressurized fluid is ad- 
mitted. Two pairs of strain gages arranged in a 
Wheatstone bridge measure the block’s distortion. 
Connection of one pair of gages in compression and 
the other pair in tension compensates for tempera- 
ture changes. 

At rated pressure the cell develops one millivolt 
output per volt applied across the bridge. It is used 
with standard self-balancing electronic potentiom- 
eters, with portable strain indicators, and with Brush, 
Sanborn, and similar amplifier-recorders. FIG. 2 





Superfinished piston and sleeve are accu- 
rately fitted. The relatively thin sleeve mounts 
in a larger supporting block between two 
Bridgman packings. The fluid admitted to an 
annulus surrounding the sleeve is controlled 
to previously calibrated pressures to adjust 
the piston clearance. ‘The controlled clear- 
ance allows free piston motion with a 
minimum of leakage and facilitates accurate 
computation of the piston’s effective area. A 
dead-weight tester of this type responds to 
weight changes of less than 1/100 of 1 per 
cent of total loading and leaks as little as one 
cubic mm per min at 100,000 psi. FIG. 6 
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Bellows Pressure coil Plug Plug seal Jam aut 


Gold chrome wire, loosely wound to avoid 
mechanical strain and the accompanying strain- 
gage effect, is sealed in a bellows filled with 
kerosene. A single wire passes through a lead-in 
seal. The unit mounts in a cavity in a block 
designed to avoid stress concentrations. A con- 
ventional Bridgman unbalanced-area pressure 
seal closes the block. 

Most critical is the insulator structure for the 
lead-in wire. Glorified spark plugs suffice up 
to 50,000 psi. There is need for further de- 
velopment of insulators above this pressure. 
Porcelains, “pipestone,” and agate insulating 
sleeves are in use. FIG. 4 



































Differential pressure applies across a bellows or a 
diaphragm, opposed by a spring. The bellows moves 
a ferromagnetic slug inside a stainless steel tube with 
a thick wall. A coil around the tube detects the slug’s 
motion. By using a heavy-walled stainless steel bellows 
and appropriate stops, the device can stand an average 
differential pressure of 1,500 psi in either direction. 
It can be equipped with a rupture disc in anticipation 
of greater over-range differential pressures. 

The cell operates at 1,000 cycles ac. Only the struc- 
ture and the connecting piping limit the dynamic 
response. Full temperature compensation is available. 


FIG, 5 
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tester structure comprising a piston accurately fitted 
and lapped into a supporting sleeve and loaded with 
dead weight. At 50,000 psi, more than a ton load 
hangs in a cage supported by a }-in. piston. 

As the measured pressures increase, elastic defor- 
mation of both piston and sleeve increase propor- 
tionately. It becomes difficult to maintain a clearance 
without excessive leakage of the test fluid or seizing 
at lower pressures. Limited choice of hydraulic fluids 
further complicates the problem. Lubricating oils 
solidify at pressures slightly below 100,000 psi. The 
water-base hydraulic fluids, with their viscosity in- 
creased by addition of organic compounds, do not 
solidify, but they are not good lubricants. 

The “controlled-clearance piston” illustrated in 


Figure 6 was developed to overcome these problems. 


TEMPERATURE 


Because the relation between temperature and 
pressure is a prime controlling factor in high-pressure 
operations, accuracy in temperature measurement is 
fully as important as in pressure measurement. Three 
types of elements are in common use: the thermo- 
couple, the resistance thermometer, and the filled 
mechanical system. 

Bare thermocouples of wire sufficiently heavy for 
adequate mechanical strength sacrifice rapid tran- 
sient response. An experimental form consists of a 
concentric tube and core made of the two dissimilar 
thermocouple materials. After the annulus is packed 
with insulating powder, the co-axial structure is 
drawn down to the desired diameter. It forms a 
stiff tube which can be sealed through the vessel 
wall with a conventional packing. Long enough to 
extend out of the vessel, it provides its own insulation. 

A neglected high-pressure temperature element is 
the mechanical vapor-pressure thermal system. The 
bulb can consist of a short length of 0.020 x 0.060 
capillary. Standard type 316 stainless steel tubing 
of this dimension is available. It has a high strength 
and it mounts readily either just off the wall of the 
vessel or on a coiled form. The connection through 
the vessel wall would be through a tubing of even 
smaller bore, say 0.010 in., running 5 ft or less to 
a measuring instrument with a pneumatic or electric 
transmitter. Because of the small outside diameter 
of the measuring tubing, the response is extremely 
fast. Because it depends on vapor pressure, small 
changes in the volume of the system due to pressure 
have no effect on the reading. Should the measuring 
tubing develop a leak, fluid flow through the lead-in 
capillary would undoubtedly blow up the pressure 
element. Even at high pressure, however, the rate 
of leakage of the material in the vessel through a 
0.010 capillary hole would be so small as not to be 
a serious hazard. Furthermore, this flow can be 
pinched off without shutting down the process. The 
cost of replacing the measuring capillary, lead-in 
capillary, and pressure element would be compara- 
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tively small. ‘This device has important possibilities 
both as a primary high speed measurement and also 
as a backup for other types of measuring systems. 
It can operate electrical or pneumatic signals and 
alarms. It involves no vacuum tubes. It is new and 
has been applied only experimentally to date. 


LIQUID LEVEL 


Measurement of liquid level at high pressure is 
less well developed and less conventional than 
measurement of pressure and temperature. It is 
almost impossible to design a free float that will 
withstand the pressure. Displacement floats are 
extremely expensive because of the valuable space 
required. And they are sensitive to pressure varia- 
tions of the vapor above the liquid. 

Electrical capacitance has been quite successful. 
Figure 8 shows an installation. A straight rod run- 
ning the length of the vessel is insulated if the 
measured liquid conducts. ‘The rod can be bare if 
the liquid insulates. 

Gamma-ray measurement of liquid level is a defi 
nite possibility. The heavy vessel walls involved in 
high-pressure operation require a strong source of 
radiation and correspondingly good shielding to pro- 
tect personnel. The source may be inside the vessel, 
in which case the vessel walls provide considerable 
shielding. However, this case requires special tech- 
niques when the vessel is opened for maintenance 
or service. On the other hand, the source may be 
placed on the outside, with the radiation passing in 
through one vessel wall ard out through the opposite 
vessel wall. {[Conrrot ENGINEERING, Vol. 2 No. 3, 
discusses application of radioactive elements.—Ed.] 

Sonic level measurement has been proposed. The 
sonic elements could presumably be placed at the 
bottom of the pressure vessel. Measurement of the 
time for the sound wave to travel upward to the 
surface of the liquid and reflect back down either 
to the same or to a separate element would give a 
measure of level. There is every reason to believe 
that magnetostriction devices should operate satis- 
factorily “under high pressure. Data on crystal units 
under these conditions is limited. 


FLOW 


Flow measurement at high pressures is highly 
desirable, if for no other reason than to provide a 
signal for stabilizing the process after faultv opera- 
tion of pump valves. The problem is not inherent 
to high pressure as such, but is due to the fact that 
in practically all production operations the fluid is 
pumped by reciprocating plunger pumps, develop 
ing a violently pulsating flow. 

Using an orifice, a pulsation plus or minus 20 per 
cent from average flow causes a reading error of 
about 2 per cent in a differential pressure element. 

If a triplex pump operates perfectly with no valve 
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In high-pressure operation the convenience of 
mounting the element in a suitable socket is im- 
portant. On the other hand, sockets that withstand 
the pressure are heavy and expensive. ‘Their wall thick 
ness materially retards transicnt response, a significant 
disadvantage in high pressure reactions with rapid 
dynamics. A special small wire thermocouple fitted 
into a socket with an i.d. of § in. and an o.d. of ¢ in. 
minimizes this disadvantage for the 50,000 psi range, 
especially if the tip of the socket is made at least as 
thin as the wall and the thermocouple presses firmly 
igainst the bottom of the hole. FIG. 7 
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Constant speed 









































The capacitance probe mounts independently. A 
small lead wire is brought out through an insulating 
bushing. Even with a small wire it is difficult to main 
tain a low and constant bushing capacitance. FIG. § 





























A suggested shear measurement of viscosity: An 
external motor would drive a cylinder at constant 
speed through a “‘controlled-clearance” seal. A strain 
gage would measure the torque exerted through the 
liquid on a cup surrounding the liquid. By design, 
this entire mechanism could be subjected to the high 
pressure. Only the lead wires would pass through the 
vessel wall. Like most high-pressure apparatus, its 
performance would depend upon detail mechanical 


design. FIG. 9 
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leakage whatsoever and pumps an incompressible 
fluid, the theoretical variation in flow rate is only 
plus or minus 74%. At the other extreme, pumping 
a gas produces a flow variation of 100 per cent dur- 
ing each cycle. At high pressure, liquids are appre- 
ciably compressible and pumps do not operate in 
a theoretical manner. As a result, the flow fluctuates 
enough to seriously upset absolute calibrations. If the 
pattern of flow fluctuation is nearly constant, a well- 
damped differential-pressure meter introduces a con- 
stant error. ‘he meter then measures flow variations 
quite satisfactorily if calibrated in service. 

The same considerations apply to other primary 
elements. A variable-area meter (rotameter) with 
an inductive takeoff similar to that described under 
differential-pressure measurement has a wider range- 
ability than an orifice. 

Thermal flowmeters have been suggested. Oper- 
ated at lower pressure with a constant temperature 
differential maintained by controlling the heating 
element, the heat is supplied directly proportional 
to flow. For pulsating flow, it is necessary to sur- 
round the heating element with a volume equal to 
several times the displacement of a single stroke 
of the pump piston in order to get a good average- 
flow reading. If large flows are measured, the power 
input is considerable to produce temperature dif- 
ferences suitable for accurate measurement. 

Counting of pump strokes is a common method 
of measuring flow. It is reasonably accurate when 
pump valves operate properly. The high pressure 
proportioning pump is in this service. 


AND... 


Other measurements at high pressure, such as 
density and viscosity, are purely speculative. Gamma 
Tay measurement of density would operate under 
favorable conditions because the measuring head 
would presumably be oriented horizontally. 

Because viscosity is an excellent measure of the 
conduct of high pressure reactions, its measurement 
is potentially important. The high-frequency vibrat- 
ing reed viscosity unit (the Ultra-Viscoson) should 
operate satisfactorily at high pressure with some 
Cetzil structural modifications. It also is practical to 
measure absolute viscosity by shear, Figure 9. 


CONTROL 


Control of high pressure reactions presents prob- 
lems easily recognized but not so easily solved. While 
present controls are reasonably adequate and are 
steadily improving, there is considerable to be desired 
in this field. Problems arise from three sources: 
> The dynamics of high pressure processes are “diffi- 
cult.” Favorable capacity of most high-pressure sys- 


tems is small and the circulation rate is high. Thus, 
in many cases the reaction rate is high. High-pres- 
sure operations, even in liquids, are adiabatic. That 
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is, increase in pressure produces a corresponding 
increase in temperature, in turn tending to accelerate 
reaction and further increase pressure. 

> Measurement problems are serious. Reliable tem- 
perature measurements with good dynamics are difh- 
cult. Flow control, the backbone of most continuous 
processing, is complicated by pulsating flow. While 
flow-measuring apparatus for high pressure is expen- 
sive, greater use of flow control will be made. 

> High-pressure apparatus does not lend itself to 
control. Service on high-pressure pumps is severe 
with a history of large and sudden disturbances due 
to malfunction. 


Valves, Seals, Pumps 


Heavy valve bodies made of strong material handle 
the operating pressures. The valve trim is made 
of high-strength, high-hardness material to with- 
stand the erosion of high-velocity flows that occur 
because of big pressure drops. 

Tight shutoff calls for single-seated valves. Because 
these valves develop large unbalanced forces at the 
usually big pressure drops, precise and rapid valve 
positioning requires highly specialized, and frequently 
very expensive, valve motor operators. Figure 10 
illustrates a commercial valve and operator assembly. 

The controlled clearance assembly, originally de- 
veloped as a necessary feature of a high-pressure 
dead-weight testing unit, presents a number of oppor- 
tunities in high-pressure control. It can seal both 
linear and rotary motion. By varying the seal pres- 
sure in the annulus, the flow of liquid or gas can be 
controlled. Since the increase in diameter of the pis- 
ton and sleeve increases not only the peripheral 
length of the path but also the permissible change of 
clearance between piston and sleeve control of 
considerable quantities of flow by a structure of this 
type appears entirely feasible. 

Particularly where an active control produces con- 
tinuous valve motion, the problem of a packing with 
negligible leakage, low friction, and long life is a 
serious one. Figure 11 shows a novel packing design. 

The intensifier pumping system shown in Figure 
12 has been suggested for high pressures. Aside from 
its merits as a pump, it has important characteristics 
that facilitate automatic flow control. 

High-pressure control systems take full advantage 
of compound and cascade control mechanisms. Rate 
action is used either in a continuously throttling 
controller or in overriding and limiting mechanisms. 
Most controllers are pneumatic. Their transient 
response is adequate when compared with those of 
the available measuring elements (particularly tem- 
perature) and with those of-the final control ele- 
ments (valves, etc.). Facilities for control analysis 
and experimentation under high pressure conditions 
are limited. Particularly in this field the secrecy 
restrictions become limiting. Improvement of con- 
trol at high pressure presents large opportunities for 
control engineers. 





A stack of collars (1), supports the 
inside of each convolution of a 
triple-walled metal bellows (2). In 
fabrication, the bellows is drawn 
hydraulically over the inside of the 
collars. Internal pressure develops 
uniform tension in the circular, un- 
supported section (3). External 
guides prevent buckling of the bel- 
lows. Bellows constructed this way 
have withstood 30,000 psi. Pressur- 
ized to 10,000 psi, they have suc- 
cessfully undergone 30,000 cycles 
of elongation and contraction with 
0.003 in. per convolution. 

Friction is negligibly small 

Through a flexure-pivoted linkage and compared to the friction of a con- 
a packing, a diaphragm motor operates a ventional steam packing. The force 
disc valve against its seat. Because disc required to move the bellows is a 
motion is small compared to diameter, the small fraction of the force required 
area of opening is linear with stroke and to overcome the pressure drop 
the valve’s flow characteristic is nearly uni- across the valve. A valve, such as 
form. FIG. 10 the one shown in Figure 10, using 

the seal will undergo field trials 


shortly. FIG. 1] 
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. at The “pipless” intensifier pumping system con- 
oer HP inlet . 


Sanat sists of two double-acting intensifiers, i.e. differen- 
tial-area pressure boosters. <A flow control on the 

a * y iigh U low-pressure side causes the high-pressure fluid to 
discharge from the operating cylinder at a constant 

Program Double acting rate. While one cylinder discharges (and its oppo- 
intensifier control intensitier site cylinder fills), the second intensifier brings the 
fluid in its discharge cylinder up to nearly the full 
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pre. - _ Program __ xf 1 discharge pressure, taking up all compressibility in 











volves advance. When the working cylinder reaches the 


1 ’ end of its stroke, it trips a cut-over mechanism, 

| —- transferring the constant low-pressure flow to the 

" second intensifier. Since this second intensifier is 

already preloaded to working pressure, the dis- 

- ontte oe . charge flow during transfer continues at a constant 

: pump pump rate. A sequencing system then shuts off the first 

Flow Differential cylinder and in turn reverses it, preloading the 

\ contro! ye my cylinder just previously filled. ‘Thus a continuous 

cycle of steady flow occurs. 

Output pressure Any desired reactor variable can monitor the flow. 

reset on tlow The system has considerable possibility where fast 
— smooth control is of major importance. FIG. 12 
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components. 


them is just as important. 


ANALOG COMPUTER REVIEW SERIES—3 


Make the Most 
ot Good Components 


To build an accurate ac analog com- 


puter you have to start with excellent 


But how you connect 


Here are 


some exemplary synthesis techniques 


used successfully in a gun-fire-control 


computer. 


CHARLES D. BOCK, American Boscsh Arma Corp. 


A two-resolver computing combination shows 
how neatly ac components can be combined to 
handle problems in three dimensions. The inputs 
are the three rectangular coordinates x, y, z, at the 
point P. ‘The computer is required to give the polar 
coordinates @, ¢, R of the same point P as its out- 
puts, Figure 1. 

Two resolvers, arranged as shown in Figure 2, will 
effect this transformation. The resolver Rg, performs 
the vector addition of the x and y distances to give 
the plane polar coordinates @ and R’ in the XY plane. 
Using R’ and z for the inputs to resolver Rg, adds 
the vector z to R’ to give the coordinates R and 8. 

This problem is a perfect analog of a gun mount 
problem in which @ represents the train angle of the 
mount and ¢ the elevation angle. “Perfect” means 
that there is no design approximation involved; more 
accurate components will give more accurate results. 
This condition is often referred to as a “Class A” 
solution. A “Class B” solution would use a different 
mathematical function to approximate the desired 
function over a limited region, and its accuracy would 
have designed-in limitations. 

The same computer is shown in more detail 
in Figure 3. The inputs are shown as handcrank and 
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dial. Most military computers would need auto 
matic inputs, which may require servos to give faster 
input variation. P,—P, are shown as potentiometer 
units, with their constant voltage inputs from a single 
voltage source. Isolation amplifiers AB,—AB,, elimi- 
nate loading errors that result from drawing cur 
rent from the computer units. 

Output servos to make the solution automatic 
are shown, as they are nearly always required, espe 
cially in computers of the regenerative type, where 
successive approximations are necessary. ‘The auto- 
matic analog computer carries these out about as 
fast as straightforward solutions, provided the com 
puter is properly stabilized. Such a computer will 
be described in a later article in this series. 

The following discussion assumes that the highest 
possible accuracy must be realized. As resolvers and 
potentiometers are available to average errors of a 
few parts in 10,000, many precautions are necessary 
to take full advantage of such accuracy. 


SIGNAL INPUT 


The exciting voltage source for the input com- 
puting components should meet definite specifica- 
tions to achieve full accuracy in the outputs without 
undue complication. 

The choice of frequency should depend on these 














Two-resolver 
analog computer 
for conversion 
from rect- 
angular to polar 
coordinates. 


FiG. 2 


























Details of Figure 2, 
coordinate conversion 
computer. FIG. 3 
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considerations: 

> Servomotor torque-to-inertia ratios are best at lower 
frequencies. ‘They are satisfactory at 60 to 400 cps. 
Much above this band it is necessary to demodulate 
the null signals and use either de or a frequency inside 
this band to drive the servomotors. 

> Wiring problems are minimized in this frequency 
band. Higher frequencies give more trouble from 
capacity loading and circuit cross-talk. 

> Components, especially resolvers and the isolation 
amplifiers, may be designed for a single frequency 
or a specific band. 

> A special source of this voltage may be necessary 
to meet the requirements of wave form and frequency 
tolerance. Where it is practical to keep the harmonic 
content below | percent and the frequency variation 
to plus or minus 2 cps, this input perfection may 
pay off in simpler servo designs. Sufficient power 
should be available, preferably at quadrature phase 
to excite the main field of ac induction servomotors. 
> Lower frequencies, even inside this band will in 
crease the size and weight of transformers and hence 
of the amplifiers. 

It is convenient for testing and trouble shooting 
to have hand inputs and dials of sufficient accuracy 
to avoid significant reading errors. 

The input potentiometers, P,, P, and P, fortun 
ately must satisfy only the accuracy requirement fot 


To main motor 
tield 


resolution unless severe smoothness is demanded at 
the outputs. The output potentiometer, P,, on the 
other hand may need much higher resolution, o1 
the servo will oscillate between wires when its sensi 
tivity is high enough to avoid servo errors. The 
output resistance of the input potentiometers will 
be limited by the input specification of the isolation 
amplifiers AB,, etc. 


ISOLATION AMPLIFIERS 


To reach the resolution required for accuracy of a 
few parts in 10,000, resistance of thousands of ohms 
is necessary in potentiometers of conventional design 
\s the resolver input impedance is about 1,000 
ohms—which can be raised to perhaps 6,000 by tun 
ing with a shunt condenser—the loading would 
produce errors many times the allowable value. 
Replacing the potentiometers with inductive poten 
tiometers now available in England and here (e.g.. 
Perkin-Elmer’s Vernipot) would greatly reduce load 
ing effects. But all available resolvers require isola 
tion amplifiers for the highest accuracy. Without 
these amplifiers loading errors run an order of mag 
nitude larger. 

Isolation amplifiers (sometimes called “booster 
amplifiers”), designed so that they do not con 
tribute errors of themselves, about call for feedback 
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of a high order. ‘Tube specifications allow about 
10 per cent variation of gain in new tubes, and this 
gets worse as tubes age. But the lowest error require- 
ment calls for gain variations not over 0.01 per cent 
from this source. 

This increase in accuracy can be attained on a 
reliable, interchangeable basis by using negative feed- 
back of about 70 db. 

The gain required for this amplifier is not difficult 
to get, but rather careful design and development 
is needed to get stability at such a high feedback 
ratio. ‘The engineering concepts most useful in 
developing such amplifiers have been those of Bode 
and Nyquist. 

Bode! showed that all the information about cir- 
cuit stability is available in the attenuation-vs-fre- 
quency function of the circuit in open loop. A 
simplified approach to this concept is give en by 
Terman in his “Radio Engineers Handbook.” 

A frequency response like that shown in Fieue 4 
is desirable for a booster amplifier. A cut-off rate 
just short of 12 db per octave should stay clear of 
instability. It is wise to take advantage of resonance 
peaking and sharpen the cut-off rate near the carrier 
frequency. Since the phase shift is an average of 
the attenuation rate of nearby regions, it will remain 
less than 180 deg. even with an 18 db rate near the 
resonant peak. 

A shelf in the attenuation curve increases the phase 
margin in the regenerative region; the lower attenua- 
tion rate reduces the phase shift. This is necesssary 
only in the high frequency end, since that is more 


sensitive to stray lead capacitance. 

Figure 5 shows a typical amplifier circuit that 
obtains the required open-loop response. Note the 
parallel RC coupling between stages 1 and 2. ‘This 
gives cutoff limited to a frequency band, and can be 
designed to avoid overlap with the next coupling 
circuit. ‘The location shown is preferable because 
it is risky to put a possible bias-raiser in power tube 
grid circuits. ‘The coupling capacitor to the power 
tube is large to extend the low-frequency cutoff. 
Basic cutoff shaping is achieved in the output trans- 
former, which with the normal inductive load, gives 
a O of about 5. Series resistors in all the high fre- 
quency cutoff elements keep their effects from add- 
ing at high frequencies. Conventional phase inver- 
ters have very poor cutoff characteristics, so a 
grounded-grid system is used here. Care must be 
used in the output transformer design to avoid 
effects of its high-frequency cutoff. In fact, all 
the design values of the networks will depend upon 
the transfer function of the output transformer and 
special precautions are necessary in its design. 

The feedback connections may be either grounded 
input, as in Figure 6, or grounded output, as in 
Figure 7. For compensating the poor transformer 
characteristics of the induction computing com- 
ponents, additional feedback may be inserted at the 
grid of the input tube. 

In another system developed in England, com- 
pensation is obtained by incorporating a feedback 
winding in the resolver. Then no output transformer 
should be used in the amplifier, because it is very 


Frequency response 

. characteristic required 
tor a stable booster 
omplitier for AC 
resolvers. FIG. 4 
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Typical booster amplifier, 
showing circuitry required 
for proper open-loop 
response. Fig. 5 
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difficult to allow for the cutoff of two transformers 
each of which gives an asymptotic cutoff of 6 db 
per octave for low frequencies, with a sharper cut- 


off of 12 db above the coil resonance frequency. 
These amplifiers are sensitive to external circuit 

constants. Capacitance to ground in the grid circuit 

increases the cut-off rate for high frequencies and 


will reduce the margins. However, 400-cps ampli- 
fiers can be made to tolerate 10,000 micromicrofarads. 

The high-frequency cutoff rate is difficult to main- 
tain, because all wiring tends to give capacitive loads 
that produce 6 db per octave cutoff in combination 
with each tube’s internal impedance, or at least 
with the leakage component of a transformer. 

The low-frequency cutoff is sensitive to the load. 
If the series resistance of an inductive load is too 
low, the low-frequency cutoff will sharpen at very 
low frequencies and instability will result. 

Special precautions must be taken in the current 
feedback circuit, Figure 8, to avoid unstabilizing 
effects. Since the current feedback is positive and 
increases at low frequencies, it can retard the bass 
cutoff to the point where basic amplifier cutoffs 
become too steep. This circuit must be made band 
pass in type, as shown. 

Inductance in the grid circuit must be bypassed 
also, or its high-frequency cutoff will unstabilize the 
amplifier, since the grid-circuit capacity forms an 
LC filter. A resistor, Figures 6-8, reduces the reson 
ance peak of the resolver coil, which would give 
undue amplification to the resonant frequency. Also 
the resistance of the input signal source must be 





limited or the stray capacities of the grid circuit will 
unstabilize the amplifier. 

Despite these limitations, which may be considered 
the price of high accuracy independent of tube char- 
acteristics, these amplifiers are very reliable and 
strictly interchangeable. While this high feedback 
gives an increased tolerance for tube deterioration, 
tests are needed that are sufficiently sensitive to 
show normal tube conductance decay, such as mea- 
surement of the amplifier’s input grid voltage. Other- 
wise normal decay of tube performance will act like 
a catastrophic failure because early warning is masked 
by the feedback. 

‘Similar effect is produced by overload. If the 
amplifier saturates before it has put out the required 
voltage, very large errors result. Since feedback does 
not function under these conditions, there is very 
little increase in useful output by the use of feed- 
back. In fact, it is necessary to design conservativels 
on power output. The most conservative design 
would require a nominal output voltage capability 
about twice the required value. ‘Then a decay in 
maximum output from the nominal value will not 
disable the computer so soon, and we can expect 
reasonable life from amplifiers. 


COMPUTER SERVOS 


Consider next some servos that might be used for 
this computer. Of the many possible, two common 
classes are useful. Figure 9 is a diagram of an error 
rate-damped servo using an ac network to get the 
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damping function. 
damped servo. 

The type of servo has much to do with synchroniz- 
ing performance. The faster servo with the least 
dynamic lag is provided by error-rate damping. Satura- 
tion effects are more severe than in the generator- 
damped servo of Figure 10. Saturation suppresses 
the damping in Figure 9; but in Figure 10 the 
generator voltage matches the error signal, to extend 
the non-saturating operating region. 

Friction or viscous drag can stabilize servos. 
Coupling thus to ground produces dead-space errors 
in the former case, or velocity lags in the latter. 
Coupling to a flywheel makes the servo more analo- 
gous to the error-damped case of Figure 9, but slows 
it down because of the added inertia.‘ 

The ac network of Figure 9 is operable in a narrow 
band of frequency only. AF, the error in. carrier 
frequency must be smaller than F, the natural fre- 
quency of the servo, or else there is considerable 
deterioration in performance. Phase shift shows first, 
and it may be compensated by a suitable shift of 
the main field phase. 


Figure 10 shows a_ velocity- 
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Servo using AC net- 
work for error-rate 
damping. FIG. 9 


The designer pays an added price for the use of 
the ac network. Damping requires a notch-type 
filter, Figure 11, with the carrier at the lowest gain 
point. A common loss is near 20 db; hence the noise 
and harmonic content are exaggerated about 10 to 1. 
More complex networks can be used to avoid part 
of this trouble, but it is more practical, in general, 
to control signal purity. Hence, the highest gain 
useful is limited by signal impurities. 

Quadrature is another signal impurity. Much 
effort is necessary to avoid saturation of the amplifier 
with quadrature. Since the frequency is the same 
as the carrier, quadrature is fortunately not exagger- 
ated in the lead network. But it requires close speci- 
fications on signal phasing to keep its magnitude 
under control. 
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Since all ac addition in linear networks is vector 
addition, phases must be kept very accurately—in 
fact, the ratio of phase-to-magnitude error allow- 
able without special quadrature suppression is usually 
less than 4. Synchro specifications have been held to 
0.2 by servo-conscious engineers, but that is unneces- 
sary in low-power computer servos. 

A good rule of thumb considers the highest use 
ful gain that at which the amplifier output voltage 
drops to about 70 per cent of maximum, if the 
residual input is quadrature, but usually less if the 
residual is harmonic. 

Quadrature residual in the null is one of the most 
frequent causes of servo error in the computer. 
Ideally the two-phase servomotor is an excellent 
phase discriminator since it yields zero torque with 
in-phase fields on its alternate poles. But there are 
limits in ability to control phase. The motor ampli 
fier will give some phase shift and the ac damping 
network shifts phase with variations of signal carrier 
frequency as well as with any errors in its own tuning. 
Any error in phase makes the servo yield torque 
which must be compensated by an offset until the 





Servo using induction 
generator for rate 
damping. FIG. 10 


in-phase null error yields an equal and opposite 
torque. Hence other methods of damping are pre 
ferable for the most precise work. 

Where quadrature is too large for the direct servo 
performance needed, a frequency converter can be 
made for quadrature elimination. In a demodulator- 
modulator circuit the tolerance for quadrature is 
related to the phase accuracy of the preamplifier, 
and it should have feedback to stabilize its shifts. 
Phase-shift error in the circuits of this converter and 
its preamplifier changes some quadrature into in 
phase, which offsets the servo. ‘The requirements arc 
stiff if large quadrature voltages must be handled. 

It is very difficult, if not impractical, to use this 
modulator scheme unless the frequency is raised. 
The cost of smoothing the rectified signal is too 








Ndtch- type frequency 
transmission needed for 
AC network damping. 
Figure |! exaggerotes 
noise and harmonies. 


, Design FIG. II 


“ frequency 





much deterioration of damping, because of the in- 
herent delay in filters, to allow enough attenuation 
to avoid direct signal feed-through. Changes from 
precision to crude supply at the same frequency will 
therefore result in beating and should be avoided. 

Figure 12 shows a quadrature elimination circuit. 
Here the amplifier is given negative feedback through 
a non-linear network that passes only quadrature. 
The effectiveness here also is limited by the ampli 
fier phase steadiness. 

A good servo amplifier should have considerable 
negative feedback to stabilize its gain, both in magni- 
tude and in phase. It is convenient to use this feed- 
back circuit to adjust the gain on standardized com- 
puter servo amplifiers. Large corrections of phase 
shift should not be made in this manner, however, 
because the correction vanishes in saturation when 
synchronizing to a large signal. Here the sum of 
the saturation shifts of the amplifier and the loss of 
this correction have been known to exceed 90 deg, 
thus stalling the servo. 

The servos of Figures 9 and 10 both change damp 
ing with gain. Referring to the second order dif- 
ferential equation, which describes the simplified 
Servo, 

d?9 dé 

gn +e te 
where I is the inertia, R the viscous damping co 
efficient, and L the torque gradient, critical damp 
ing is defined by the condition of two equal roots, 
where R? = 4IL. In the case of Figure 9, error- 
rate damping, the magnitude of R always varies 
directly with that of L. Hence, decrease of signal 


O 


. 
i 
f 


oe 


level decreases the damping, whether the change in 
servo gain comes from the computer configuration or 
from the change in amplifier gain. In the case of 
Figure 10, generator damping, change in amplifier 
gain gives the same effect but change in gain due to 
computer signal level changes produces the reverse 
effect, since here L changes alone. If the damping 
is done mechanically,’ the effect is like the second 
case, and reduction in gain will give overdamping, 
with sluggish action. 

To avoid these changes in servo performance, auto 
matic gain controls are needed. ‘These can be me 
chanically operated resistor dividers, if a mechanical 
analog is available to drive them. 

Servo S, of Figure 3 has a mechanical drive in the 
R output, which is proportional to the excitation of 
Rge, and therefore to its angular sensitivity or voltage 
gradient. A suitable non-linear potentiometer, one 
with a gain proportional to 1/R, meets the require 
ment. So does a linear variable resistor in series 
with a small constant resistor as shown in Figure 
13. Here r, + r, should be proportional to R. 
Hence r,, should have its maximum value larger by 
the ratio of Ro wax/R wm. A Compromise is usu 
ally acceptable in the region of small R, to reduce 
the strain on this requirement. In any case we 
cannot solve for @ or é too near R (). 

Where no mechanical drive is available, or where 
the control range is difficult to get in a potentio 
meter, an electronic attenuator is necessary. Figure 
14 shows such an automatic gain control. ‘Two 
pentodes are used in the circuit. Assuming that 
they have matched grid-bias cutoff curves, the input 
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input vories. See 
text. FIG. {3 











V. is amplified the same as the signal V,. If G 
is the variable gain, V. = GV,. Since the control 
amplifier is fed back for constant output, approxi- 
mately GG, V. — = B, the bias voltage. If B 
; , NY] K 

is small compared to K we have GV, = a 

7 

Cc 

v° 

is proportional to servo sensitivity S$ 


(B << K); or we can write G = 
Now if V, 


, CVa uS . 
vY.= = 5 = a, independent of the com- 
puter sensitivity. 


Matching the tubes violates a principle of good 


electronic engineering practice. A screen voltage 
adjustment, however, can match two points in the 
gain curve. ‘Then even different types of tubes can 
be made to give plus or minus 50 per cent gain 
constancy to the servo, which usually is good enough. 
These devices have been successfully operated over a 
1,000 to 1 range, although 200 to 1 is a conserva- 
tive requirement. This performance is difficult 
to match in a mechanical potentiometer, even if a 
shaft is available. 

Amplifier gain is likely to be very high to com- 
pensate for the loss of computer gain, so precau- 
tions must be taken to assure amplifier stability and 
freedom from saturation, since it is not likely that 
signal impurities will go down with sensitivity. 

Another problem in small servo design should be 
mentioned—that of starting friction (the English 
call it stiction). To keep the friction error small, 
sensitivity is increased and saturation effects get 
worse. Since the natural frequency F goes up as 
the torque gradient L, trouble arises with servos of 
low inertia because of toohigh F. The limit is 
determined by the compliance of the gearing, whose 
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Electronic auto- 
matic gain control 
for making servo 
damping indepen- 
dent of input 
signal level. FIG. 14 


cutoff frequency must be higher than F by several 
octaves. The obvious answer, then, is to add a 
flywheel to reduce F, but at a sacrifice in speed of 
response. In severe cases a friction-coupled flywheel 
known as a Lanchester damp may be used, with its 
friction adjusted to slip at saturation torque. Syn- 
chronizing time can be cut in half by this method. 

Backlash in the gearing to the control element 
must be carefully limited for it will cause trouble 
if it is not small compared to the servo dead space. 

Electro-mechanical integrators or speed-control 
servos are exceptionally sensitive to both backlash 
and gearing frequency-cutoff. If sensitivity of about 
0.1 per cent of top speed is desired, either antilash 
gearing to motor or direct coupling through a large 
shaft must be provided. Note that in antilash gear- 
ing the drive depends on precision of the bearing, 
which acts as a fulcrum for the year that is really 
a lever-type drive. The bearing systems must be 
axially loaded to achieve an effective antilash gear 
drive even with spring-loaded split gearing. 
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KEEP THE RIGHT KIND OF RECORDS TO 


Protect Your 
Patentable Ideas 


Author King is a registered patent 
agent and an electrical engineer. He 
says protecting your inventions is much 
easier than most engineers think. It’s 
mostly a matter of keeping comprehen- 
sive records—the kind you should keep 
anyway so that your fellow engineers 
won't have to repeat or duplicate your 


research. And for 


those who loath 


writing, he appends a streamlined dis- 


LEONARD H. KING, New York 


An engineer's notebook can be the stoutest bul- 
wark in his patent protection procedure. But to 
serve this purpose it must be based on a realistic 
concept of patent law. 

During a recent investigation of a patent situa- 
tion, I asked an engineer about his record-keeping 
practice. “I record all the important data,” he 
replied. ‘This statement is a danger flag. How can 
a man know in advance what is to become important? 

Consider an engineer working on one phase of 
a coordinated research problem. He is likely to 
record only what is directly related to his aspect of 
the program. And he may not bother with a mass 
of collateral data that may, however, be vitally 
important to the problem as a whole. As a result, 
he dissipates part of his knowledge, and he may also 
prejudice the project’s patent rights. 


Don’t bother writing 
letters to yourself 


Most laymen will glibly tell you that the best way 
to protect your invention is to send yourself, by 


closure form. 


Registered Mail, a sealed envelope containing the 
written description of the invention. Most authori- 
ties deny that such a record has practical value. 

Actually, the best protection comes from conven- 
tional engineering records, including notebooks, 
engineering drawings, purchase orders, and project 
progress reports. An understanding of the proce- 
dures within the Patent Office will make clear how 
these records can be used. 

After the application has been drawn up by the 
patent attorney and signed by the inventor, it goes 
to the Patent Office, where it is assigned to an 
examiner. He starts with what. is termed a “novelty 
search.” Here is the first stumbling point. The 
most frequent cause of rejection is that the examiner 
uncovers prior art, which may be in the form of a 
publication or a previously issued patent. 

The statute provides that a yalid patent may not 
be granted for an invention that has been disclosed 
in a printed publication more than a year prior to 
the filing date of the application. Publication in- 
cludes other patents issued withjn the previous year. 

This brings up an interesting and somewhat un- 
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13 TIPS 
ON KEEPING A NOTEBOOK 


1. Date every entry. 

2. Identify its purpose—e.g. to test the life of a 
diode, or the gain of an amplifier. 

3. Use index pages. 

4. Indicate the person working with you in con- 
nection with the material entered. 

5. Be generous with sketches. This applies to 
equipment setups used in taking data as well 
as to designs and circuits. Remember that if 
it is vital to relate data to a particular setup 
five or ten years from now, you will then wel- 
come your own diagram. 

6. Label the axes of a graph and give it a title. 
Mark it so that later it can be recognized for 
what it is without depending upon memory. 
7. \f someone else makes an entry in your note- 
book, he should date and sign the entry to 
identify it as his. 

8. Do not skip pages, planning to go back later 
and make entries on them. Entries should be 
chronological on successive pages. Never tear 
pages out of the notebook. 

9. Cross out unused space on pages. This adds 
weight to the information in the notebook by 
precluding the possibility of a later entry being 
made under an earlier date. 

10. If it is very necessary to adda note toa prior 
entry, indicate it by placing it in the margin 
and dating it so it can’t be misconstrued as an 
attempt to falsify the record. 

11. Consider it standard practice to insert in 
your notebook such items as progress reports, 
memos, letters, or any other pertinent material. 
lf the added material relates to a previous 
entry, write a reference to it on the added 
sheet. Allow one unused page of the notebook 
for each sheet added. It is better practice not 
to place extra sheets on top of other entries or 
to add several sheets to one page. Write the 
corresponding notebook page number on the 
sheet or sheets, date it with the date it was 
added to the notebook and sign it. 

12. Ideas should be fully described and illus- 
trated with sketches and then explained to a 
suitable witness who should then make the 
following entry at the bottom of each explained 
page: Explained to me (or Read and Under- 
stood), Signature, Date. 

13. Complete data for early trials should be 
recorded. First operation of a model which is 
technically known as ‘‘reduction to practice,”’ 
should be demonstrated to someone who under- 
stands it and the observer should make a note 
near the description of data, graphs, sketches, 
etc., which represent the trial, as follows: Oper- 
ation and Results Observed, Signature, Date. 


e 
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usual situation. One inventor may claim an inven 
tion that another inventor disclosed in a patent but 
failed to claim. Suppose, for example, a computer 
manufacturer gets a patent by describing a whole 
computer and claiming only the general system. 
And suppose that he fails to claim a new magnetic 
drum memory used in his computer. You, let us 
say, have been perfecting this same memory drum 
for five years. Now, you can file an application fot 
a patent on the drum. You must, however, file within 
a year after the issuance of his patent. And then you 
must prove that you had the drum working before he 
applied for his patent. Here again your engineering 
records can substantiate your proof. 


Records are vital when 
two applications collide 


The situation would be entirely different if the 
computer manufacturer had claimed—as well as dis- 
closed—the new magnetic drum. ‘The Commissioner 
of Patents cannot issue two valid patents for the same 
invention. So, if you filed your application within 
a year after the computer patent was issued, he must 
base his decision on a procedure known as “‘interfer- 
ence.” This is one of the most technical of all legal 
procedures. If you win the interference, you will get 
a patent, and the courts will hold the other fellow’s 
patent invalid. 

After his novelty search, the patent examiner looks 
for possible interference by going over other pend 
ing patents. If he finds an interference, it is up to 
the junior applicant (the latest to file) to prove the 
priority of his invention. Ordinarily, he has no 
chance unless his work predated filing by the senior 
applicant. Once an interference is established, as it 
often is when two people have the same idea at 
roughly the same time, both parties file sworn pre 
liminary statements. A typical one attests to the 
date of the first drawing, the date of the first written 
description, the date of the first disclosure to others, 
the date of the first reduction to practice, and the 
date when the applicant began to reduce his inven- 
tion to practice. Backed by proper records, the in- 
ventor should have no trouble helping his attorney 
prepare a satisfactory preliminary statement. 

‘The first written description and drawing are fully 
significant only if they completely disclose a working 
embodiment. It is not safe to omit even those 
minor features that you might feel would be obvious. 

The first disclosure to others is intended to mean 
a disclosure to a technically competent person. If 
the inventor states that he went home and told 
his wife: “I invented a new wide-band analog func- 
tion multiplier today,” and proceeds to describe it 
while she’s setting the table, this will not be later 
accepted as a “disclosure to others,” unless she 
happens to be a qualified electrical engineer. 

An inventor’s own statement that he conceived 
his idea on or before a certain date is held to be 





POSSTBig NOVEL PRAT UR 


THIS FORM 
ENCOURAGES ENGINEERS 
TO GET PATENTS UNDERWAY 


self-serving and not admissible as evidence. He must 
have a witness—not a co-inventor, whose statement 
would be equally self-serving. A supervisor, if he 
has one, would make an ideal witness. 

Corroborating actual reduction to practice is not 
so simple as corroborating conception of an inven- 
tion. ‘Take the case of the gadgeteer who showed 

potato peeler to friends in his living room. Its 
purpose was obvious, but because he failed to peel 
any potatoes for his guests, this was held not to be 
a reduction to practice. ‘lake an example more 
pertinent to control engineering—a new stable 
oscillator. It’s not enough to prove that the oscillator 
was operating without any load other than the 
oscilloscope hooked up to observe the wave pattern. 
I'he inventor has to put the oscillator in a piece of 
equipment under a working load. 

The corroborating witness must be prepared to 
testify that the components involved in the test 
corresponded to those shown in the patent applica- 
tion. In the case of the oscillator, he should inde- 
pendently trace the circuit at the time of the test 
and see for himself that it corresponds to the one 
recorded in the notebook. Better yet, he should 
make his own written and dated record of the test. 


Make it simple and 
you'll get more disclosures 


Often, as research progresses, it becomes obvious 


that something patentable is evolving. At that time 
a record of patent conception should be prepared. 
It is my experience that engineers tend to neglect 
making disclosures rather than fill out lengthy forms. 
To cut down on the paperwork, I have therefore 
evolved the form shown at the end of this article. 
Its unique advantage is that it provides space for 
only the briefest description of the invention. Yet 
the room is almost always adequate for an engineer 
to write a succinct statement of his idea. And should 
any other report be available—e.g., a routine progress 
report or a memorandum to management—it can 
be attached to the form. This saves the engineer 
the bother of writing up a separate disclosure. 

Organizations engaged primarily in research and 
patent licensing generally provide for elaborate 
patent record keeping. But in manufacturing com- 
panies, where patents are incidental to the main 
work, the simple procedures outlined in this article 
can solve both budgetary and human-resistance 
problems. 

Knowledge emanating from research is a corporate 
asset worth protecting. Project supervisors should 
feel responsible for adequate notebooks. And man- 
agement would be wise to set up controls for this 
phase of a company’s activity. Notebooks, for 
instance, can be microfilmed and stored. 

Engineering data filed in an engineer’s head 
lost the day the man moves to another company. 
Take a tip from the treasurer—he doesn’t let the 
cashier carry the corporate funds in his own wallet. 
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How Temperature 


Affects 


Instrument Accuracy 


THE GIST: Temperature changes can effect 
the spring constant of a resilient member, 
the resistance of an electrical conductor, 
or the magnetic properties of a perma- 
nent magnet. And since all precision instru- 
ment and control componets use these 
elements, the accuracy of a component de- 
pends partly on the ability of a designer 
to compensate for these changes in ambi- 
ent temperature. He does this by using 
materials that are insensitive to tempera- 
ture change, by combining elements that 
vary in an opposite manner under the 
same change, or by keeping the compo- 
nent at a constant temperature regardless 
of ambient variation. 

As the first of a series, this article dis- 
cusses the effect of temperature change 
on various mechanical and electrical ele- 
ments. Succeeding issues of CONTROL 
ENGINEERING will suggest practical 
methods of compensating for these tem- 
perature effects and will discuss the com- 
pensating techniques used in a variety of 
commercially available components. 
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ROBERT GITLIN, Servomechanisms, Inc. 


MECHANICAL SENSING ELEMENTS are used in a large 
class of instruments that measure force, pressure, 
temperature, acceleration, and velocity. ‘These cle 
ments move as a function of sthe quantity being 
measured. ‘his movement is then translated either 
mechanically or electrically into a meter movement 
or indication, or else into an electrical, hydraulic, 
pneumatic, or mechanical signal for use in a control 
system. When the sensing element of the instru- 
ment operates under varying ambient temperature 
conditions, the dimensions and physical properties 
of the element change. This can cause either of 
two major types of temperature error. 

The first type is called zero shift. ‘This is a change 
in the input-vs-output curve of the instrument 
that is typified by a shift in the calibration point at 
zero input. Figure 1 shows an input-output curve 
for a theoretical sensing element. ‘The dotted line 
indicates the zero shift caused by operation at a 
different ambient temperature. Notice that the zero- 
shift error, e, is the same at all points along the 
calibration curve. 

The second major type of temperature error is 
called scale error. ‘This is caused by a change in the 
physical properties and dimensions of the sensing 
element. Scale error is characterized by a change in 
slope of the calibration curve, Figure 2. ‘The error, 
e, increases with the input function, Ejn. 

The total temperature error is the sum of the zero 
shift and scale error. These effects combine to give 
a calibration curve as shown in Figure 3. 

The zero shift shown in Figures 1 and 3 is con- 
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Typical input-output curve showing effect of zero-shift error. FIG. 
Typical input-output curve showing effect of scale error. FIG. 2 


Calibration curve showing both zero-shift and scale errors. FIG. 


sidered a positive error. It is possible also to get —_ or substituting in Equation 1] 
a negative zero shift; so that for zero input the out- 
put is negative. Similarly the slope of the curve at 
a different ambient temperature can be greater or 
less than the original calibration curve at tempera- 
ture T,. Figure 4 shows how these combinations 
can give various new calibration curves at tempera- 
ture T,. 

How zero shift and scale error affect the input- 
output curve of a common spring scale is shown / 


I, = In (1 + a AT) (2) 
Similarly the thermoelastic coefficient of Young's 


taphically and s atically in Figure 5 (next page). 
graphically and schematically in Figure 5 (next page ) / corirotion{... 


ERRORS IN RESILIENT MEMBERS 


A spring deflects in proportion to the applied 
weight W. If ambient temperature rises substan- 
tially, then the physical dimensions of the spring 
increase: wire diameter, length, and coil diameter. In / 
addition, the modulus of elasticity changes with tem 
perature. ‘The change in the dimensions of a material 
is defined by the coefficient of thermal expansion, 


while the change in modulus is defined by the Negotive mn 1 Output, E, 
. . . oo” -e + ~~. 
thermoelastic coefficient. zero shift oye C 


Positive zero shift 
The coefficient of thermal expansion, a, can be > Ieninlie ance ~ enild eth denen 
expressed as follows: slope scale error 
B- Positive zero - shift ond increaosed- 
. «AS (1) slope scole error 
. L. AT C- Negotive zero- shift ond decreosed- 
where Ly = original length slope scale error 
, => A . 
AL = change in length Fig. 4 D- Negotive zero-shiftond increosed- 
AT = change in temperature slope scale error 


- - 


/ 
| val 








The new length of material L, after a change in 
temperature AT is the original length Lo plus the 
change in length AL. L; = Lo + AL. 


Calibration curves resulting from various combinations of 
negative and positive zero-shift and scale errors. FIG. 4 
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modulus can be expressed 


1 AE 
E, AT 
where Ey = modulus of elasticity or Young’s modulus 
AE = change in modulus of elasticity 
AT = change in temperature 
The new modulus of elasticity resulting from a 
change in temperature is 


E, = Ey (1 + ¢ AT) (4) 

The thermoelastic coefficient, m, of the modulus 
of rigidity, G, is similarly defined where AG is the 
change in the modulus of rigidity of shear modulus. 


= 2. 2 

~ > oe 
‘Therefore the new shear modulus resulting from a 

change in temperature is 

G, = Go el + m AT) (5) 
To determine quantitatively how these changes 
effect the spring constant-deflection force ratio of 
a helical spring, insert the length and modulus for 
the ambient temperature T, in the generalized 


equation for this spring configuration. At tempera- 
ture T, 


c= 


Spring constant = x = as - = slope of curve at 7, (6) 
where X = deflection 

W = load 

K = constant 

D = coil diameter 

d = wire diameter 

G = shear modulus 


At temperature ‘I’; the new slope of the deflection- 
force curve is 


x KD (1 +a AT) M4) 


W dl +aATyGil + mAT) 
and the ratio between the slope at T,, and at 7) is 


1 
(1 +a@AT)(1 +m AT) 


Therefore the scale error in per cent of full scale is 


1 
~ (1 +aAT)(1 + mAT) 00 (9) 
The zero shift error is caused by the linear expan- 
sion of the helical spring under the influence of a 
change in temperature. ‘The spring length changes 
with temperature an amount equal to L,aAT. ‘The 
per cent change caused by zero shift is 


Per cent change = 
AL Loc AT 


=. 


The total per cent change or error of a helical spring 
sensor under a change in temperature AT is the sum 
of Equations 9 and 10. 

Total error, per cent = 


zero shift 
+(a AT) 





(8) 


Scale error, per cent = [ 1 


= (a AT)100 (10) 


scale error 


—_—— ————— a Oe (it) 
(: — Gd FaaT)l rain) 


OTHER SPRING CONFIGURATIONS 


The same reasoning holds for sensing elements 


Effect of various errors on a common spring scale. FIG. 5 
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Deflection of a cantilever spring under load. FIG. 6 


that are essentially cantilever-type springs, Figure 6. 
The generalized equation for the deflection per 
unit force is 

r KL 


F EI 
where F force 
” = deflection 
L = length 
E = Young’s modulus 
I = moment of inertia of cross-section = '/ bh? 
K constant 


The spring constant for the cantilever tvpe spring is 
To 


KL,; 
Ebh' 


K[{Lo(1 + a AT) 
FF EQ +cAT)[b( +a AT)|[h + a AT) 


lc ratio of the above two equations is 


l 

(il +cAT)(1 +a AT (ta) 
‘his is the same equation for scale error as the one 
derived for the helical spring sensor, except for the 
substitution of c, the thermoelastic coefficient of 
Young’s modulus, for m, the thermoelastic coefh- 
cient of the modulus of rigidity. The zero-shift error 
is a function of the length of the spring, its geometrn 
and the manner in which it is being used as a 
sensing element. 

The third general type of sensor spring is a tor- 
sional member whose angular deflection is a func 
tion of some input torque, Figure 7. ‘The generalized 
equation for the angular deflection per unit of applied 
torque for a torsional member is 

:. wb 
J DAG 


where K = constant 
L = length 


Angular deflection of torsion spring by applied torque. FIG. 7 


D diameter 
; shear modulus 
= angular deflection 

z torque 
‘The scale error is found in a similar manner 
Scale error, per cent = 

] 
l-— — —— 1100 (13) 
(1 +aAT)'(1 + marr | 

The zero-shift error is again a function of length, 
geometry, and the way the spring deflection drives 
an indicator or pickoff. 


USING THESE RELATIONSHIPS 
For the scale error to be zero, the term 


l 
l T a AT l mAT 
in Equation 13 must equal one, o1 


(1 +aAT) (1 maAT) = 1 


Expanding and discarding second-order terms, the 
following relation is obtained. 


3a = —m 
For the helical spring the relation between the 


coefficient of expansion and the thermoelastic coefh- 
cient is 


and for the cantilever spring the relation for zero 
scale error is 


a = c 


It is interesting to note that the scale error of these 
three commonly used springs is independent of the 
physical dimensions of the springs and depends onl} 
on the thermoelastic coefficient, linear expansion 
coefficient, and change in temperature. For exam- 
ple, any torsion spring made of beryllium copper 
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Temperature errors in an electrical element with sinusoidal 
output. FIG. 9 


Effect of mechanical 


sensor on calibration _— curve 


~ 


“Effect of electrical 
pickotf on calibration 
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- Combined effect of mechanical sensor 
and electrical pickoff on calibration 
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curve ot T,.Therefore combined effect 
produces zero scole error 
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will have a scale error of 


Scale error, per cent = E _ 


1 
(1 + @ AT)(1 + m AT) ] 20 
where a = 0,0000166 in. per in. per deg C 
m = —0.00033 per deg C 
T +1 deg C 
or Scale error, per cent 0.028 per deg C increase 
in temperature. 

The minus sign in the above equation indicates 
that the original deflection-force ratio at T, is less 
than the deflection-force ratio at temperature T). 
Or the new deflection-force ratio has a greater slope 
than the original ratio. In terms of spring softness, 
this means that for a given force a greater deflection 
will occur at T, than at T,. Higher temperatures 
mean softer springs. 

If the temperature decreases, AT in the above 
equation becomes negative and m becomes positive. 
The result is a positive scale factor indicating that 
the deflection-force ratio has decreased and the spring 
has become stiffer. Figure 8 shows the changes in 
slope with temperature. 

For a temperature range of minus 60 to 70 deg C, 
the scale error of a beryllium copper spring cali 
brated at 20 deg C is 

80) (0.028) = —2.24 per cent 
(50) (0.028) = 1.40 per cent 


Without temperature compensation, the accuracy 
of an instrument having this spring as a sensing 
element could be no better than minus 2.24 to 1.4 
per cent error over a temperature range of minus 
60 to 70 deg C. In addition, any zero shift will add 
to the error (or subtract from the error) as shown 
in Figure 4. 

Table I lists the generalized equation for the 
deflection-force ratio for the commonly used spring 
configurations and some typical spring metals and 
the associated scale error for each type of spring. 

Table II lists a large number of available spring 
materials with temperature coefficients. Data on 
some thermoelastic coefficients is not available. 


ELECTRICAL TEMPERATURE ERRORS 


Many instruments produce an electrical output 
proportional to an input. This input could be 
acceleration, flow, pressure, velocity, vibration, fre 
quency, or light intensity. A sensing element detects 
the measured quantity and then changes some para 
meter in the electrical circuitry to produce the 
desired variation in electrical output. The parameter 
that is changed can be resistance, capacitance, mag 
netic reluctance, or inductance—depending on the 
type of electrical pickoff associated with the in- 
strument. 

Physical properties of these electrical elements 
vary with temperature just as did the mechanical 
sensing devices. In highly accurate instruments, the 
magnitude of these changes is an important factor. 





As with the mechanical elements, the principal 
types of temperature errors associated with electrical 
pickoffs are scale errors and zero shift. 

‘The sine-wave output of an electrical pickoff device 
is shown in Figure 9, with the new output sine wave 
caused by a change in temperature indicated by 
the dotted curve. The difference between these two 
curves is the temperature error. Changes in the 
amplitude of the output wave are scale errors, while 
changes in phase correspond to zero-shift errors. 

If the electrical output is a linear function of the 
input, then a curve similar to Figure 4 can be 
plotted to show the effect of temperature on the 
input-output ratio. 

In determining the overall temperature error of 
an electromechanical transducer, it is necessary to 


pensation consists of matching the negative error 
associated with the movement of a mechanical spring 
with the positive scale error associated with changes 
in resistance. Figure 10 indicates how these errors 
could be combined to produce zero scale error. 

Table III, which lists the temperature-sensitive 
properties of wire materials, helps calculate the 
changes in resistance and hence the scale error 
associated with many electrical pickoffs. This error 
can then be matched with a mechanical sensing 
element having an equal and opposite scale error. 
The equations for scale error given in this article, 
together with Tables I and II, provide data to calcu- 
late a large variety of resilient sensing elements. 

It is necessary also to investigate the effect of 
zero shift, which may or may not cancel. If a zero 


take into account all of the errors associated with 


shift error remains, some appropriate form of tem- 
the sensing element. One method of overall com- 


perature compensation must be used. 





TABLE | Scale Errors for Various Materials 


and Spring Configurations 


Generalized equation 
for deflection-force 
ratio 


Scale error per 
deg C in per cent 
(minus 50 to 50 C) 


Spring 


configuration Material 


0.025 
0.042 
0.038 
0.031 
0.031 
0.0008 


Music wire 
Stainless steel (302) 
Phosphor bronze 
Beryllium copper 
Monel 

Ni-Span-C 


HELICAL 


Music wire 

Stainless steel (302) 
Phosphor bronze 
Beryllium copper 
Monel 

Ni-Span-C 


0.026 
0.041 
0.034 
0.032 
0.029 
0.0008 


CANTILEVER 


Music wire 
Stainless steel (302) 
Phosphor bronze 
Beryllium copper 
Monel 

Ni-Span-C 


0.022 
0.039 
0.035 
0.028 
0.028 
0.002 


TORSIONAL 
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——. MORE TH AN A Latest EASE Components 
auement COMPUTER ! 








——= 
oe 


Model 1032 Receptacle-Control features 
centralized pushbutton control of prob- 
lem solution, coefficient setting, monitor- 
ing. Master or slave control, repetitive or 
non-repetitive. Large capacity — handles 
50 amplifiers, 16 multipliers, 102 pots, 10 
diodes; has 126 blank contacts for other 
equipment, 40 interconnections for second 
computer. Rapid set-up patchboard with 
positive-contact lock device. Rack or con- 
sole mounting. Early delivery, reason- 
able cost. 


EASE (Electronic Analog Simulation Equipment) by BERKELEY serves 
systems engineers at every step from design through operation. 

For systems design, new EASE pushbutton- controlled computers offer the 
fastest, most convenient problem set-up and computer operation available today. 


For systems development, EASE speeds evaluation and testing by simulating 
parts or all of the system, accurately predicting performance before construction. 


For systems control, EASE components such as d.c. amplifiers, electronic 
function generators, electronic and servo multipliers, and servo-resolvers serve in 
the system itself. 


Take advantage of the proven performance, reliability, extremely high accu- 
racy, and reasonable cost of EASE computers and components. Write BERKELEY, Model 1048 D.C. Amplifier is high preci- 


specialists in electronic analog equipment, for authoratative information; sion compact plug-in type featuring chop- 

per stabilization for low drift (less than 
please address Dept. L 4. 100 u volts referred to summing junction), 
greater than 2 x 10° gain, iess than 0.01 
ohm output impedance, excellent fre- 
quency response, high power output with 


large voltage range. Ideal for recorder 
or scope pre-amp, servo systems, general 
e [ e e laboratory use, etc. Price only $175.00 
F.O.B. factory. 
BECKMAN INSTRUMENTS INC. 
INDUSTRIAL INSTRUMENTATION AND 2200 WRIGHT AVE., RICHMOND 3, CALIF. 


CONTROL SYSTEMS + COMPUTERS + COUNTERS + TEST INSTRUMENTS + NUCLEAR SCALERS ® 
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IDEAS AT WORK 


C-G Control 


A pilot can focus on the manual 
scheduling of fuel to maintain the 
proper relationship and optimum trim 
for flight. But the many other func- 
tions demanding his attention make 
the need for an effective automatic-cen- 
ter-of-gravitv control system apparent. 


control, however, permits higher 
torque restrictor setting and maximum 
performance by the autopilot at all 
times. 

In the typical application discussed 
here, the required relationship of for- 
ward tank to aft tank fuel for any total 


Copes With 
Shifting Fuel 


R. L. BERGESON 
Aeronautical Div., 
Minneapolis-Honeywell Regulator Co. 


An autopilot system does not escape fuel quantity is shown in Figure I. 
the same problem. To prevent over- wed, = wyds (I 
stresses during extreme maneuvers, an Wid pag —e " 

; 4 ne 12, = (Ws We) \< 
anaes ee. must be limited by where W,, Ws Ws are measured in 
a torque restrictor. If c-g is allowed to pounds and d, d, dy d, in inches. 
vary widely, this torque must be held The problem is essentially one of 
to minimum to prevent damage. The 


controlling the operation of pumps o1 
result is sluggish control. 


Precise c-g valves to maintain the desired moment 


Aircraft C. G. (less fuel) 
Desired C. G. (with fuel, 


fuel 
cell 


\porserd ee —_—e Aft 
of 

THE PROBLEM: More than half the gross 
weight of a loaded aircraft is fuel. Its distribution 
at any given instant has a pronounced effect on 
the ov onl center-of-gravity. Yet c-g 
be held within certain limits for stable, controlled 
flight. The control problem illustrated is typical. 
With both fuel tanks full the relative c-g’s of ait 
craft-less-fuel and fuel-tanks cause overall c-g to 
fall at the desired location. But as fuel is used 
and total mass decreases, the combined fuel c-g 
. > must move away from the desired position if the 
: A : airframe is to stay in balance. 


C. G. station or position along 
aircraft longitudinal axis 


Allowable overa// 


aircraft C.G. must alw ays 


-Fuel C.6. which will 
produce desired over- 
ol/ aircraft C. G. 
location 


Fr 
Desired overali*” + | 
gircratté.G. '%1 | 
a 


a? Actual fuel C.G. 


(aircraft plus 
fue!) C.G. -. 


= 
— 
c 
° 
> 
Co 
o 
> 
a 
io} 
- 
° 
- 


‘| 
+b, 
Actual overa// T% [I 
a 
3 
F 








Tank unit Tank unit 
\ 


_ A.C. bridge 
+ “ 
amp. disc. 





s 





THE SOLUTION: The only way to solve “ 
problem is by controlling distribution of fuel i 
aa, ree Att the various tanks. The "tek diagram cote a 
system that frees the pilot from this complex 
task. Capacitance sensors, patterned to tank 
shape, provide signals proportional to fuel 
moment. A bridge circuit compares fuel moments 
on either side of the balance point. And the out- 
put signal is used to control fuel management 
devices as well as to assure the pilot visually that 
the load is indeed balanced. 


Quantity 
indication 


Quantity 


; 7 Fuel tank 3 
indication 


Fuel tank | 


Tank unit Tank unit 








a 


| j ee : 
/ | t; 
Fuel tank 2 J Guantty 


indication | indication 

A. C. bridge A. €. arise 
+ . a 

amp. disc. amp. disc. 


’ 
\ Fuel tank 4 





A.C. bridge plus 
omplifier discriminator 


Center of gravity 
indication 
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balance (M, = M.) about the desired 
fuel c-g. This can be done with ca 
pacitance-type sensing elements in 
each tank along with an ac bridge cir- 
cuit, controller, and control relay. 


Fuel-Sensing Element 


The sensing clement is a cylindrical 
electrostatic capacitor m unted ver 
tically in the aircraft fuel tanks. It 
consists of two concentric tubes spaced 
and insulated from each other. The 
inner electrode is made of an insulat 
ing material. Two metallic patterns, 
insulated from each other, are at- 
tached to this latter surface. One of 
these, the sensing pattern, is con- 
nected to an appropriate terminal to 
form one active plate. The other elec- 
trode is an aluminum tube, the sec- 
ond active plate of the capacitor. 

There is a well-defined relationship 
between the diclectric properties of an 
aircraft fuel and its density. Thus the 
sensing element mentioned above will 
have a certain capacitance when in 
air (usually about 100 to 500 mmf, 
depending on length), which approxi- 
mately doubles when completely im 
mersed in fucl. 

For cach specific tank design, the 
inner clectrode conducting pattern is 
characterized by varying its area to 
give an output capacitance propor- 
tional to fuel moment. In the con 
ventional sensing element there is no 
regard for the fuel moment arm. 

As shown in Figure 2, voltage FE, is 
applied to capacitance C, and voltage 
E, to C.. Hence when fuel moment 
balance exists, the system is adjusted 
to make FE, C, = E. C., and there- 
fore E, = 0. 

The bridge output is amplified and 
applied to a phase-sensitive discrimi- 
nator tube with a control relay in its 
output. Since bridge balance, corre- 
sponding to moment balance, pro- 
duces zero output, it follows that a 
slight unbalance—aft tank heavy, fo- 
instance—will produce an _ output 
voltage with polarity determined by 
the direction of unbalance. In this 
example, if the aft fuel moment ex- 
ceeds the forward moment, the bridge 
output energizes the control relay and 
calls for draining the heavy tank. 

Figure 3 (next page) describes the 
basic c-g bridge circuit. 

When using a step type of control, 
like a relay, moments are not kept in 
exact balance but permitted to deviate 
from side to side in amounts dictated 
by the allowable c-g limits of the 
aircraft. ‘Therefore a specified limit 





Forword tank 


CG near full ~~~ 
CG near empty -- 


IDEAS AT WORK 


(Airframe 
less fuel) 


CG neor full 


wi 
CG neor 
empty 


(fuel) 
Wot Ws 











g 


Reference 
oxis 


Desired C.G. location 
(oircrott + fuel) 


Fuel-airframe c-g 


of moment unbalance, M, must be 

sensed, rather than an exact balance. 

M = M:— Ms (3 

M = wed, — wd; (4) 

where M is the moment 

or sum of the moments 
desired fuel c-g location. 

The capacitance sensing units must 

be characterized so that the added 

capacitance duc to the fuel at any 

level in the tank is proportional to 

the corresponding moment as cx 

pressed in equations (5) — (8): 

C/ = M, (5 

C.! = Me (6 

K,C,’ = M, (7) 

K,C,’ = M, (S) 


unbalance 
about the 


Where C,’ and C.’ are the added ca 
pacitances, with fuel as a dielectric of 
the sensing units in Tanks 1 and 2 
respectively. 

K, and K, are constants of propor 
tionality relating fuel moment to 
added capacitance of the sensing units 
and are cead in lb-ft per mmf. Sub- 


stituting (7) and (8) in (3), the 


, 


4. “? : 


- 


Sensing element (C-/) rr 


—— 


f = _ 


ACs 


u5V Cot 
*1 aoocys[¥ 
___\aaiiasnnnoneannns 
“ 
e, (Briage){ 
a 


relationship. FIG. 1 


unbalance in 
capacitances 


moment 
unit 


expression of 
terms of 
becomes: 


sensing 


VU = K,C,' — KC,’ it) 


Ihe bridge circuit in Figure + will 
provide a means of summing the 
moments electrically and of measuring 
any resulting unbalance. The bridge 
output voltage or unbalance signal ¢ 
can be expressed by: 


By (Gi—Ci' (10) 
C,4+-C,' + 

where C, is empty or dry capacitancc 

of the sensing unit in Tank 1. 

C, is empty or dry capacitancc 
of the sensing unit in ‘Tank 2. 

C, is capacitance in shunt with 
bridge output terminals. 

¢, is the bridge output or un 
balance signal. 

E, is the ac voltage impressed 
on C, and Cy’. 
is an ac voltage 180 deg out 
of phase with E, and im- 
pressed upon C, and C,’. 


Sensing element (C-2) 


é 


Two staged RC. 
Y coupled 
omplitier 


[Career 


tank-| : a 
Discriminator ~ 


Fuel 


£ cs \ ad 
“+7? No. | 
pump — 
Jnner electrode Near 
sensing pattern 


(unrolled) 


Elements of the control system. 


Fuel to engines 


4. 
{ 3 (Relay) 
Lf 
, 


+0C 


|] Fuel tank -2 
“TT” No. 2 


} 


ar ne =) pump 


ka 
/nner electrode 
sensing pottern 
(unrolled) 
FIG. 2 
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COMMON CHARACTERISTICS OF ALL TYPE 2131 GEARED MOTOR GENERATOR UNITS 


0.D. of Case............ 1.000 inch 
Case Length............ 3.301 

Weight............ 7.5 ounces 

Frequency 400 cycles 


OUTSTANDING FEATURES 
OF TYPE 2131 
GEARED MOTOR GENERATOR 


e@ New methods of manufacture result 
in high efficiency 


High torque to inertia ratio to give 
fast response 


Available for 115 volt—115 volt two 
phase or single ended tube operation 


High impedance winding for direct 
plate to plate operation available 


High generator output voltage with 
excellent signal to noise ratio 


Zero degree phase shift in generator 
All metal parts corrosion resistant 


Extremely wide operating temperature 
range 


Other models 


No. of Poles (Motor) 
*No Load Speed (Min.).......... 6500 rpm 
Rotor Inertia............1.1 gram-cm? 


*Motor Speed at input to gear train 


& E W 
<S 
i 


_ integral gear head 


_ in small servo motors 


A new line of units has been added to the Kollsman “Special Purpose 
Motors” family combining precision machining, advanced electrical design 
and the latest in new materials. An unusual feature of the new line is the 
integral gear head unit. Contained within a single case is the gear train 
and motor; or gear train, motor and generator. Gear ratios as high as 300: 1 
can be supplied. 

This new line consists of Induction Motors and Induction Generators 
supplied separately or combined in a single case one-inch in diameter. 
The new motors have been designed to give the maximum torque per watt 
ratio with the minimum rotor inertia. The generators have been designed 
to give the maximum output voltage with the minimum residual voltage 
and phase shift. 

One of the principal features of the Kollsman “Special Purpose Motors” 
is the interchangeability of parts which permits numerous electrically dif- 
ferent combinations of motor and generator windings within the same case. 


INPUT PER PHASE ONLY 1.8 WATTS 
ELECTRICAL CHARACTERISTICS 
OF TYPICAL TYPE 2131 GEARED MOTOR GENERATORS 


MOTOR GENERATOR || 


OUTPUT 
EXCITATION — INPUT Theoretical EXCI- PER 
TYPE NO. PeR STALL acceleration TATION 1000 
FIXED CONTROL PHASE TORQUE ‘atstali FIXED INPUT = rpm 











2131-0411110 26 2.3 0.4 25600 26 1.8 51 


of one inch O.D. units 
Latest catalog 


TYPE NO. DESCRIPTION and/or complete 2131D-0412120 26 4.0 0.6 38500 26 2.2 68 


2103 Induction Motor specification | 21310-0413120 26 1.8 0.3 19200 26 2.2 68 


2101 Geared Induction Motor drawings will be 
2028 Motor Generator sent upon request. 2131-0460600 115 4.0 0.6 38500 115 2.6 1.00 


2131-0463600 55 4.0 0.6 38500 115 2.6 1.00 


2131-0470600 P-P 4.0 0.6 38500 115 2.6 1.00 





Oz-n rad/sec? volts volts 
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PA) tank unit 
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No.| ! 
pump 
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Aircraft fuel management 
system 





No.2 
| pump 


Basic c-g control bridge circuit. FIG. 3 Schematic of the control system. FIG. 4 


Equation (10) may be rearranged: » 


E,C/ — E.C,’ 
2 Ci+Ci' +C2+C2’+C3$ ¥ (1) 
E,C, — E,C; 
Ci +C1'+C2+Cy’+C; 
3»= K;C\' — KC,’ + K 
EB, 


where K; = 
: 0 GFT FO t+-Gy +0, 


K, a EB, - 


C,+C,'+C.+Cy +0; (14) 


K. _ E, Ci 7 E.C2 Z 
; Ci +Cy' +C2+C2'+C; 


(15) 
and K;, K, and K, are nearly inde- 
pendence of fuel level if (C,+.C, + 
a) OL’ 4). 

Comparing equations (9) and 
(12), it is evident that if K, in (12) 
were equal to zero, the equations 
would be similar and the voltage e, 
would then be proportional to the 
moment unbalance M. To eliminate 
K;, E, C, must be equal to E, C., 
which is equivalent to having the 
bridge balanced when the fuel tanks 
are empty. Rewriting (12) under 
these equalifying conditions, 

ea = K;,Cy — K,C.’ (16) 
e, and M are related by a constant of 
proportionality K,. 

M = Kees; = Ke K3C,’ — Ke K,C,’ 
Equating coefficients of 
(17) and (9) 

Ky = K, K;, and K,= Ke K, 
or Ke = kK, K; => K,/ K, 
and KE, KF, 
where K, a constant relating bridge 
unbalance to moment unbalance. 


(17) 
equations 


(18) 


(19) 
(20) 


DIFFERENTIAL CIRCUIT 


The actual bridge circuit in Figure 
4 incorporates a novel and very im- 
portant feature. Analysis of the cir- 
cuit will show that when contact is 
broken on either side of contacts K,,, 
an additional voltage will be intro- 
duced into the bridge to reinforce the 
action which originally opened the 
contact. This will cause the armature 
to close on the opposite contact with 
a pronounced “snap action.” This 
action provides positive relay opera- 


tion under conditions of shock, vibra- 
tion, and fuel sloshing. 

In addition, this differential adjust- 
ment offers a precise means of regu- 
lating the amount of fuel unbalance 
that will occur on cither side of the 
nominal path determined by the tank 
unit pattern design. This is important 
because it permits ready establishment 
of deviation limits that are an accept- 
able compromise between the number 
of valve or pump operations per flight 
and the tolerable range of aircraft 
c-g location. 
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Sustained electrical accuracy throughout 
the life of a potentiometer is largely 
governed by the unit’s ability to resist 
mechanical dimensional changes. The 
all-metal-case construction of Fairchild 
potentiometers assures mechanical rigidity 
that maintains superior initial accuracies 
and tolerances throughout a long life cycle— 
in spite of severe changes in environmental 
conditions. This is another advance made 
possible by Fairchild’s continuous research 
and quality control program on materials, 
processes and manufacturing. 


SUSTAINED ACCURACY 


through 
mechanical rigidity 


Now for the first time Fairchild brings you the sustained 
accuracy of all-metal-case construction in a 10-turn 
potentiometer. This unit has only 2 the diameter and 14 the 
weight of usual standards. It is the Fairchild Standard Type 920. 
Its 241” coil length assures linearities of +0.25% in a 
resistance range of 1,000 to 200,000 ohms, with +0.1% 
available for special applications. Your choice of servo, 
threaded bushing or three-hole pilot bushing mountings. 


This is another example of how Fairchild’s complete line can 
give you the answers, no matter what factors govern your 
choice of precision potentiometers. Write Fairchild Camera 
and Instrument Corporation, 225 Park Avenue, 

Hicksville, L. !., N. Y., Dept. 140-62C, 
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The sealed hydraulic system displays a 
cable box and actuator head. 


FIG. 1 











Tiny Hydraulic System Acts 
Like Super Two-Way Solenoid 


This actuator combines the fast 
starting and positive stopping of hy- 
draulic systems with the simple hook- 
up and unit independence of elec- 
trical gear. It should be applicable 
to valve operation, machine-tool mo- 
tion, and transfer machine propulsion. 

It develops lineal motion by first 
converting current to hydraulic pres- 
sure through a small pump and then 
controlling this pressure with a valve 
that operates on phasic relationships. 
A hydraulic cylinder finally changes 
this controlled flow to motion. This 
may seem a roundabout way of doing 


the job, but the ‘“Hydromagnet’ 
works well and costs little. 

The Hydromagnet has two electro 
magnets with associated movable 
armatures. As the gap between mag- 
net and armature can be kept rather 
small, the efficiency of the device is 
fairly high. The upper electromagnet 
is the power source. Its armature 
oscillates with the 60-cycle 110-or-220- 
volt source. This armature is at 
tached to a pump piston. The valve 
for this pump is operated by the other 
electromagnet. This electromagnet is 
the control element. A capacitor in 
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7 



































Inside the box: the pump, valve, and cylinder. ‘The 
switch and capacitor can be put anywhere. FIG. 2 


its circuit causes it to oscillate the 
valve “out of phase” with the pump 
piston so as to divert the flow of 
hydraulic fluid to lift the actuator 
piston, or without the capacitor, to 
oscillate in a phase that will lower the 
actuator piston. As a result, speeds 
of up to 2 in. per see with a 44 lb 
load are achieved. When the contro! 
circuit is open, the actuator is locked. 

Ihe Hydromagnet weighs 72 Ib 
filled. Made by AEG, Frankfort/Main, 
West Germany, its distributor in the 
US is D. C. Seibert, Box 28], Wil- 
mington, Del. 
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SEALED—RUGGEDIZED INSTRUMENTS 
BY ROLLER-SMITH HAVE THAT 
“NEW LOOK” FOR 
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Stress-Energy Measurement Needs 
Fast Temperature Follower 


G. L. SMITH, 


Atomic Energy Div., Phillips Petroleum Co. 


This system measures energy stored 
in crystals by physical stress—for ex- 


aniple, by cold working. 


— 








Galvanometer 











Graphite 
sample 
No./ 











It follows 


the conversion of stress to heat, 
using two servos to get proportional 
temperature control. One servo fol- 


lows microvolt differences 


in the 


input from two thermocouples. The 
other controls a heat source by this 


error and its first derivative in time. 


Energy stored in crystalline materials 
by physical stress—cold working, for 
example—can be measured. Usually, a 
stressed sample and a reference sample, 
identical in all other respects, are 
placed in an evacuated vessel whose 
wall temperature is raised linearly with 
time. If the temperature rise is slow 
the sample and reference materials 
will each receive thermal radiation 
from the walls and undergo a linear 
rise in temperature also. When a 
critical temperature is reached, the en- 
ergy stored in the stressed sample be- 
comes available to raise its tempera- 
ture above the reference material. 

Both the specific heat and thermal 
conductivity of most materials are 
functions of temperature. ‘Thus, sim- 
ple measurement of the temperature 
excursions of irradiated samples does 
not give a quantitative measure of the 
amount of stored energy released. 

It is better to heat the samples sepa- 
rately, and to supply an amount of 
energy to the reference sample exactly 
equal to the stored energy released at 
each instant by the stressed sample. 

In practice, the rates of release of 
energy may be so great that a simple 
on-off controller will not control the 
heat input well enough. 

The solution is a proportional con- 
troller whose heat output is a function 
of the sum of the temperature differ- 
ence between the samples and the 
time derivative of this signal. 

To follow a rapidly fluctuating sig- 











Graphite reference 
sample 





—_ 
Temperature controller 
oufpul 


— 








nal without hunting, the controller 
must predict what demands are to be 
put upon it, and thus start its correc- 
tive action enough in advance so that 
it does not lag or overshoot the sample 
more than a predetermined amount. 
The first time-derivative of the signal 
provides this leading signal. 

The temperature controller in Fig- 
ures 2 and 3 can be divided into two 
major components: a differentiating 
network and an output network. The 
RC differentiating network is preceded 
by a servo amplifier, balancing motor 
(one at top in Figure 3), and a 10,000- 
ohm, 10-turn, helical potentiometer. 
The input is designed to handle signals 
between 2 and 50 microvolts. Signals 
greater than a few microvolts cause the 
motor to drive the pot arm. 














Temperature controller 





— > input 


Circuit for dynamic test of temperature controller. FIG. 1 


The output of the potentiometer 
has the same polarity as the input but 
is much bigger. This voltage is im- 
pressed across the RC circuit to give 
the time derivative of the input signal. 
Currents proportional to the time de- 
rivative and the input signal are added 
in the l-ohm resistor, which is com- 
mon to both circuits and also gives 
appropriate gain adjustment. ‘This is 
the signal for the output network. 

The output network uses a servo to 
drive a variable transformer. The volt- 
age output is a function of the signal 
to the network and the voltage avail- 
able to the motor-driven transformer, 
which is supplied from a manually-set 
variable transformer. 

The output transformer is driven 
through a magnetic clutch, and R, is 
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System diagram of proportional temperature controller designed for stored- 


stress-energy measurement. FIG. 2 
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news 
FOR ENGINEERS 


TRADE-MARK 


DEVELOPMENT ENGINEERINGX 
Digital computer component development — 
design of components and functional units of 
accounting and data processing machines — 
transistors and transistorized units — special 
electron tubes—counters—magnetic core, drum, 
tape, and ferro-electric storage devices. ALSO 
fine openings in digital computer circuit design, 
electro-mechanical development and systems 
plannin 


g and analysis. 





‘*PVE GROWN WITH IBM” 


says Wallace D. Bolton, 
Development Engineer at 
the Endicott Laboratories 





“The way IBM is growing cer- 

tainly offers a young engineer 

the opportunity to move ahead— 

and in work that’s interesting,” 

says Wally. “Since I joined IBM 

in July of ’50, right after getting 

my BS/EE from the University 

of Pennsylvania, I’ve been closely 

associated with a new development in the 
field of high-speed printing. Now, I'm in 
charge of the research phase of this program. 
And in just about every other area around me, 
I've seen opportunities opening up all the time 
for other young engineers.” 

IBM MAGNETIC TAPE DEVELOPED 
BY ADVANCED ENGINEERING 


The great data processing ma- 





chines produced by IBM employ 
the latest advances in processing 
and data storage. Among these is 





oxide-coated acetate tape used to 
record information in the form 
of magnetized spots. Tape units 





for either reading or writing op- 
erate at a rate of 15,000 charac- 














ters per second. 


i The density of recording is 200 characters per 
inch, permitting permanent files of data to be 
| compressed onto a 10¥2-inch diameter reel 
} holding 2,400 feet of tape. A single reel can 
| contain over 50,000 grouped records of 100 
| characters each. 

Be 





Your replies, of course, will be held in strictest confidence. 


APRIL’S BIG CAREER OPPORTUNITIES 


MANUFACTURING ENGINEERING 
Design and development of electronic test 
equipment for digital computer production 
testing—circuit design—systems planning and 
analysis—test planning. ALSO excellent open- 
ings in functional and acceptance testing —test 
equipment installation and maintenance—auto- 
mation engineering—manufacturing research. 
* Required —a degree in E.E., M.E., or Physics, or 
equivalent experience. 


Desirable — experience in any of the following 
fields: digital and analog computers, including 
airborne types, radar, TV, communications equip- 
ment, relay circuitry, automation, servo-mechan- 
isms, instrumentation, or data handling systems. 


APPLIED MATHEMATICS*x 


IBM seeks a special kind of mathematician and 
will pay well for his abilities. You'll work as a 
special representative of IBM’s Applied Science 
Division as a top-level consultant to business 
executives and scientists. Employment assign- 
ment can probably be made in almost any major 
U.S. city you choose. 


* Required: major or graduate degree in Mathe- 
matics, Physics, or Engineering with Applied 
Mathematics equivalent. Desirable, but not re- 
quired, experience in teaching Applied Mathemat- 
ics and use of automatic computing equipment. 


For information on these career opportunities 


WRITE, 
giving details of education and experience, to: 
William M. Hoyt, IBM, Room 2604 
590 Madison Ave., New York 22, N. Y. 


JOIN YOUR FRIENDS AT 
World's Leading 


Producer of 
Electronic 
Accounting 
Machines 


end Computers THEY’LL TELL YOU 


IT’S A GREAT PLACE TO WORK. 
INTERNATIONAL BUSINESS MACHINES CORPORATION . 
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sct so. the 
transformer 


clutch will slip when the 

reaches its limits. R. is 
set so that the maximum output power 
available is approximately equal to the 
maximum demand of the system. R 
controls the response time by deter- 
mining the amount of derivative signal 
fed to the summing resistor. 

(he system response was tested as 
shown in Figure 1. Two 5-ohm coil 
heaters were inserted in *-in holes 
bored in the bottom of small graphite 
cvlinders. ‘Two sets of differential 
thermocouples also were inserted in 
the blocks. One set of thermocouples 
was connected to the input of the con- 
troller, the other set, to a galvanom 
cter. ‘The galvanometer was used to 
monitor the differential temperature 
between the samples. 

When 14 watts was instantaneously 
applied to sample number 1, the con 
troller supplied heat to the reference 
sample at a rate such that the differen 
tial was never greater than plus o1 
minus 0.5 deg C. When power to the 
heater was shut off instantly, at a time 
when power was being applied to the 


Flame Detector Pays 


R. E. CARBAUH, 
American Machine & Foundry Co. 


All widely used existing fire detec 
tion systems operate on either a rat 
of-temperature-rise or on fixed temper 
ature. Although their indication of 
overheat is valuable, their inabilitv to 
distinguish flame from severe overheat 
mav lead to a FIRE indication where 
none exists. ‘The AMI system, oper 
ating on the electrical characteristics of 
the flame itself, provides only FIRE 
or FIRE-OUT indications, almost 
instantaneously, while thermal svstems 
embody substantial time lags. 

The AME ' svstem consists of a 
“transmitter,” “receiver,” and a sens 
ing element that can be any con- 
ductor separated from the ground by 
insulators. An ac signal of very low 
harmonic content is passed through 
the sensing element to the receiver. 
The receiver is tuned to the second 
harmonic component of the signal 
which appears only when flame bridges 
the sensing element and ground. Suit 
able amplification of this second har- 
monic operates the warning light. 
Accidental grounding and sensing ‘ele- 
ment operates a different warning 


e+ amplifier 
t= 


| 
/OK Helipot || 
las 
tps rout 3 250F |] 
| a? 125 vii 


r 1 a 


Servo 
—o amplifier 


Complete circuit diagram of proportional temperature controller. 
clutch protects motor if servo drives to Variac limits. 


reference, the temperature overshoot 
of the reference was 0.5 deg. C 

The controller has been used also to 
maintain a constant bath temperature 
over long periods of time. With therm 
istors in a bridge circuit as the 
perature element, the 


tem 


sensing max 


light, and a check of the entire system 
is provided by a ‘‘Press-to-test’”’ button. 

The sensing element shown in the 
photograph is a %s inch diameter stain- 
less steel aircraft control cable riding 
on aluminum oxide insulators. ‘This 
material withstands temperatures up to 
2,000 deg F. The sensing element 
operates at a few volts, to reducc 
possibility of accidently shocking 
maintenance men. And _ since the 


Magnetic > 
clutch 
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from the reference 
is plus or minus 0.002 


mum deviation 
temperature W 


deg C 


Condensed from United States Atomic 
Energy Commission Report No. IDO 
16137, describing work _ performed under 
Contract Ne AT (1) 5 


No Heed to Heat 


transmitter is a high impedance source, 
also reduces the chance 
idental grounding. 

sensing systems also suffer 
possibility of lead-in wires to 
ig clement being burned and 
grounding, giving an in 
after it is out. By using 
tecl wire as its own lead-in, 
woids that difficulty. CAA is 


sting the new 


this low 
of hire 
Present 
from th« 
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A MESSAGE TO AMERICAN INDUSTRY 


FINANCIAL AID TO HIGHER EDUCATION 


© FOURTH OF A SPECIAL SERIES 


Our Colleges and Universities 
Are Living on Borrowed Time 


.. . time borrowed from underpaid faculty members 


The chart on this page tells a story of profound 
importance to every American. It is the story 
of the financial beating our college and univer- 
sity faculty members have been taking in the 
past 14 war and postwar years. 

On the whole, this span of 14 years has been 
one of great and growing prosperity. But, as the 
chart shows, our college and university faculty 
members have, as a group, had less than no 
share in it. 

During this period, from 1940 through 
1954, the real income of the average in- 
dustrial worker (that is, what his wages 
would purchase in goods and services) 
has increased by almost one-half. Among 
professional groups, physicians have en- 
joyed an increase of about 80 per cent in 
their real income. Lawyers, far less fa- 
vored financially, have had an increase of 
about 10 per cent. But faculty members 
have not only had no increase at all; over 
these years of prosperity their average real 
income has fallen by 5 per cent. These 
figures do not take account of the increase 
in taxes since 1940. 


Senior Teachers Hardest Hit 


These figures are, of course, averages. For 
some groups of faculty members it has been 
better; for others worse. It has been particularly 
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hard on senior faculty members. Between 194] 
and 1953 their salaries lost about 8 per cent 
of their purchasing power. Being deeply com- 
mitted to their careers they could not respond 
to alternative employment opportunities as 
readily as could their junior colleagues. For 
junior faculty members there was some increase 
in real income between 1941 and 1953 but only 
about half as much as the average for the nation. 


What’s Happened to College Faculty Salaries* 


INDEX (1940=100) 
180 180 














—— 


Lawyers ( 











FACULTY MEMBERS (— 5%) 


80 80 
YEAR YEAR 
1940 1954 











* Real Income before Taxes 


Source: Council for Financial Aid to Education; U. S. Dep't of 
Commerce: U. S. Dep’t of Labor. 





Public Colleges Fare Better 


There are also marked differences in the aver- 
age financial reward received by faculty mem- 
bers in different types of colleges and univer- 
sities. A recent study by the Council for Finan- 
cial Aid to Education indicates that, in the last 
academic year, 1953-1954, teachers in privately 
endowed, independent colleges and universities 
were paid an average salary about $1000 less 
than that paid to faculty members in tax-sup- 
ported institutions. The same study indicates 
that salaries far below the average are especially 
common for faculty members in the small pri- 
vate liberal arts colleges. This study found that 
during the last academic year the average salary 
of all college and university faculty members 
was about $4700. 

The special difficulties under which the inde- 
pendent colleges and universities, and particu- 
larly the independent liberal arts colleges, are 
laboring to get back on their feet financially 
have been discussed in previous editorials in this 
series. These difficulties underline the need of 
special help for these institutions to which busi- 
ness firms are now contributing in increasing 
volume. However, the problem of providing bet- 
ter salaries is not peculiar to any particular type 
of institution. 


Faculty Members Not Greedy 


It is not easy to prescribe a precise standard 
of fair pay for college and university faculty 
members. This is partly because they put less 
weight relatively on money rewards than they 
put on rewards of scholarly accomplishment and 
prestige. Consequently, they have consistently 
been willirg to work for very modest salaries 
in relation to the intellectual ability, education 
and application required. Obviously, however, it 
is the dictate both of fairness and good judgment 
to see that faculty members are given a roughly 
proportionate share in the general prosperity. 
Indeed, their crucial role in our society could 
be made to justify a larger share than this. 

There is no way to know with any degree of 
precision what the underpayment of our college 
and university faculty members over the past 
14 years has actually cost the nation in terms 
of reduced quality of intellectual performance 
of those institutions. One reason is that the dam- 
age has been minimized by the devoted services 


of many faculty members who have loyally 
stuck to their jobs in spite of the great financial 
discouragement. 

It is obvious, however, that, if no grave 
deterioration in the intellectual perform- 
ance of our colleges and universities has 
occurred so far, it is because we have been 
living on borrowed time. It is time bor- 
rowed from faculty members who have, in 
effect, been subsidizing these institutions 
by their financial sacrifice. This arrange- 
ment is not only a menace to the cultural 
and intellectual life of the nation, it is also 
a menace to our national security in a time 
when successful national survival may well 
depend in peculiar degree on the full de- 
velopment and utilization of our intellec- 
tual resources. We depend on our college 
and university faculties pre-eminently to 
provide this development. Adequate finan- 
cial reward for such service is an elemen- 
tary form of national insurance. 

Many of our colleges and universities are 
working hard to improve the financial lot of their 
faculty members. Business firms are also play- 
ing an increasing role of providing the neces- 
sary financial assistance. The methods being 
used by business for this purpose will be the 
subject of another editorial in this series. How- 
ever, vastly more must be done, and quick- 
ly, to stop the financial beating being taken 
by our college and university faculty mem- 
bers if the nation’s welfare and safety are 
to be properly protected. 





This message is one of a series prepared by the 
McGraw-Hill Department of Economics to help 
increase public knowledge and understanding 
of important nationwide developments that are 
of particular concern to the business and pro- 
fessional community served by our industrial 
and technical publications. 

Permission is freely extended to newspapers, 
groups or individuals to quote or reprint all or 
parts of the text. 


PRESIDENT 
McGRAW-HILL PUBLISHING COMPANY, INC, 
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One of a series telling 
how the producing companies of 
General Precision Equipment Corporation 
are contributing to America’s progress. 


precision technolog ry 


GPE Coordinated Precision Technology is the basic GPE operating policy which 


inter-relates the research, development and manufacturing facilities, techniques 


and capabilities of the producing companies of General Precision Equipment 


Corporation. Thus each company’s specialization in its particular areas of compe- 


tence is supplemented by the application of the resources of the other companies, 


wherever relevant. A diversified line of advanced precision equipment of superior 


design and performance has resulted from this application of the newest and most 


advanced techniques possessed among the companies in every technical capacity. 


og 


Ten of the 
GPE Producing 

Companies work in this important field. 
These companies were “born in electronics” 
and pioneered in its development before the 
word was coined. Their work covers every 
phase of electronics and GPE coordination re- 
lates each new electronic problem to the spe- 
cialized knowledge and experience which is 
most valuable. This secures the optimum solu- 


tion for the customer with minimum expendi- 


ture of time and money. 
GPE Producing Companies have been re- 


Kearfott X-band Test Set, 
frequency range 8,500 to 
10,000 MC; a unique all- 
purpose portable radar 
test set, comprising oa 
power monitor, spec- 
trum analyzer, wave- 
meter and signal gen- 
erator which supplies an 
accurately calibrated 
signal of known level 

variable amplitude 
and pulse-width com- 
bina s. Also provides 
FM, square wave and 
CW ovtput. 


Most advanced technological products 
which utilize electronics also call for other 
advanced technological skills. Though space 
allows only for an outline of GPE’s work in 
electronics, both the capacities chart on the 


sponsible for the research, development and 
manufacture of a wide range of electronic 
precision components, equipment and systems, 
including Theatre Sound Systems, Sonar 
Equipments, Flight Simulators, Industrial 
Control Systems, Analogue Computers, Dig- 
ital Computers and Components, Industrial 
and Studio Television, Navigation Systems— 
both airborne and marine. GPE systems, in 
most instances, are advanced concepts, often 
employing components specifically developed 
for the purpose by one of the GPE companies. 


Of the great number, two are shown. 


Librascope X-Y Plotter and 
Recorder; automatically 
displays data derived 
from punch cards, me- 
chanical or electronic com- 
puters or sensing ele- 
ments; features rapid 
graphic 2-axis display 
with provision for 10- 
fold scale expansion and 
zero suppression. Used 
in aero-dynamic and 
electronic research, as 
well as in mass data re- 
duction systems for bus- 
iness and industry. 


facing page and most of the products men- 
tioned above serve to suggest the broad coor- 
dination of technical capacities in all fields 
which exists as a result of GPE Coordinated 
Precision Technology. 


Address inquiries to: GENERAL PRECISION EQUIPMENT CORPORATION 


92 GOLD STREET, NEW YORK 38, NEW YORK 
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VERSATILE T-D RELAY adapts to any standard ac, 


copes with meter loads directly. 


In control engineering the humble 
relay is taken for granted like the cor- 
ner cop. And, like the cop, it’s called 
upon for many tasks. It can switch, 
amplify, diminish, divert, store. In 
groups relays can do unbelievably com- 
plex jobs. It is truly a rallying point 
for all law-abiding control systems. 

The time-delay relay illustrated 
above has been dressed up to increase 
its utility for rough industrial use, It 
comes in a dust-proof NEMA cabinet. 
Its delay mechanism can be screw- 
driver adjusted from 4 to 6 sec. And 
it’s tapped transformer sets it up for 
all standard ac voltages (120, 240, 460, 
600 v, 60 cycles). 

One important virtue of this relay 
is its ability to handle a motor load 
without a separate de source. The wir- 
ing diagram shows how its done. In 


this case a brake winding is superim- 
posed upon the stator winding of a 
standard squirrel cage motor. Thus, 
each time the meter-drum switch is 
operated to the stop position, the relay 
closes and energizes the brake winding. 
The brake is then deenergized 4 to 6 
sec. later, according to relay setting. 
Similar connections permit an across- 
the-line motor starter control. 

This versatile relay also can be used 
in “‘single-pulse” time-delay applica- 
tions. Each momentary push-button 
action causes the relay to close and 
connect the line of the controlled 
equipment. The circuit is then dis- 
connected after the selected time de- 
lay. Repeat cycling action also is 
possible. Automatic Switch Co., 391] 
Lakeside Ave., Orange, N. J. 

Circle No. 9 on reply card 





against. 





HOW TO SELECT A RELAY 


Automatic Switch Company has industrial applications mainly in 
mind when it lists these three conditions for evaluating a relay: 


1—The maximum current the relay will be required to “make” 


2—The maximum current the relay must carry continuously. 
3—The maximum current the relay must break. 


This information plus some well documented relay selection 
charts and control circuit diagrams are all to be had on a single 
sheet from the company. Write for ASCO Publication No. 553. 
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ENGINEERING 


LISTING IN GROUPS 





1-9 Relays in Control 
10-14 Digital Advances 


15-25 Motion, Motors, and 
Mechanisms 


26-33 Instruments 
Evolving 


34-40 Ideas in Flow 
41-45 Progress in Pots 


46-51 Electronics 
Oriented 


MORE RELAYS 


FOR THE ~ 


CONTROL ENGINEER 


PLUG-IN makes relay 
meter-compatable. 


This relay is one of a line specific- 
ally designed for a plug-in use as con- 
tral elements in meters. It is actually 
a load relay containing a 5 ma relay. 
200 mfd timing condenser, and limit- 
ing resistor. Action of the unit is 
this: it pulls in at 5 ma, releases at 
1.5; its condensor, connected across 
the coil, gives a 5 sec delay on re- 
lease. All connections in this 4-by-5-in. 
unit are brought out to a nine-pin 
octal-type plug. Assembly Products 
Inc., Chesterland, Ohio. 


Circle No. 2 on reply card 





MERCURY-WETTED contacts 
perform long and fast. 


The platinum contact surfaces in 
this relay are kept continuously wet 
with mercury by capillary action. 
Further, the switch itself is encapsuled 
in glass and under hydrogen pressure. 
These qualities give the relay excep- 
tionally long life and ability to oper- 
ate at very high speed. They have 
performed a billion operations, at up 
to 60 per sec, with no maintenance. 
Current carrying capacity is up to 5 
amp, voltage handling capacity to 500 
v. Operation uniformity is claimed 
within 1.5 millisec. C. P. Clare & Co., 
3101 Pratt Blvd., Chicago 45, Il. 

Circle No. 3 on reply card 


SILICON CONTROLS this time- 
delay relay. 


Silicon fluid, acting as a drag, can 
provide a selected time delay of from 
+ to 120 sec in this relay. Here’s how 
it works. When the coil is energized 
a movable iron core, swimming in sili- 
con inside a tube, is drawn inside the 
magnetic field. The silicon slows the 
rate of core travel and thus controls 
response time. Contact is established 
when the core touches the pole picce. 
The action offers a highly definitive 
contact. Heineman Electric Co., 387 
Plum Street, Trenton 2, N. J. 


Circle No. 6 on reply card 


THIMBLE SIZED, more bounce 
to the ounce. 


It weighs 1 oz and is only 14 in. 
high. Yet this two-pole relay is 
claimed to withstand shock accelera- 
tions in excess of 20 G’s at frequen- 
cies up to 2,000 cps with no contact 
break. It will also operate up to 200 
deg C and its insulation resistance is 
greater than 100 megohms. Some 
characteristics: contact current rated 
at 3 amp, 28 vde, and 3 amp, 115 vac; 
contact resistance as low as 0.01 
ohms; coil resistance 325 ohms at 28 
vde. Relays may be _ hermetically 
sealed and nitrogen filled. Hi-G Inc., 


Bradley Field, Windsor Locks, Conn. 
Circle No. 4 on reply card 


BUILT-IN RECTIFIER trims 
wire and space. 


Adjacent to the coil of this diminu- 
tive relay is an integral rectifier. Its 
use has eliminated external wiring— 
only standard coil terminals are re- 
quired for hookup. One section of the 
rectifier is for half-wave control, while 
the other section shunts the coil to 
prevent ac vibration. Some character- 
istics: power—0.022 amp at 130v and 
20 deg C; contacts—up to 4 Form C 
(four-pole double-throw); ambient 
temp. —55 deg C and 85 deg C max. 
limited to 2 Form C. Phillips Control 


Corp., Joiliet, Ill. 
Circle No. 7 on reply card 


NEW PRODUCTS 


TINY TRIO snap true when 
going’s tough. 


All three of these relays offer “snap- 
action” switch contacts, and are evac- 
uated and sealed with gas to innure 
them to severe shock, vibration, and 
temperature. The one on the right, 
however, is toughest. It will operate 
true during vibration of 30G to 500 
cps, or 15G to 2,000 cps and at shock 
of over 100 g for 11 millisec. The 
center unit is for ac operation, with 
a coil rated at 117vac. All contacts 
are DPDT and offered in pure silver 
with resistive load ratings of 2 amp 
at 28 vde. Deltronic Corp., 1507 Riv- 
erside Drive, Los Angeles 31, Calif. 


Circle No. § on reply card 


REED ARMATURE suits this 
to chattery chores. 


A reed-type permalloy armature 
with anti-chatter contacts endows this 
polarizing relay, we are told, with 
an ability to stand up under the high 
pressure demands of teletypewriting. 
The contacts are actually extra heavy 
(# in diam) palladium copper and 
the contact screws have vs in diam 
tungsten contacts, rated at 2 amp, 110 
vde. Two windings—136 ohms each 

make up the coil of this relay. Kur 
man Electric Co. Inc., 35-18 37th St., 
Long Island City, N. Y. 
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ElectroData 


Corporation announces 


DataReader 
Model 546 


A transport unit for high speed 
searching, reading and recording 
of data on magnetic tape. 


Applications 
Include: 


High-Speed 
| 


Data 


Processing 


Automatic 


Control 


Telemetering 


PERFORMANCE: 


RAPID START—STOP—REVERSE—from 
stop to full speed in 6 milliseconds. 
HIGH TAPE SPEED — optional speed of 
30, 40, 50, 60 or 75 in/sec. 
TWO-DIRECTION SEARCH—either di- 
rection, automatically at full speed 
REMOTE OPERATION —forward, re- 
verse, stop, rewind and selection of 
reading and writing. 

VACUUM CONTROL—smooth vacuum 
column servo-action control. 

END OF TAPE SENSING—stops auto- 
matically at either end of tape. 
RAPID REWIND—2400 ft. 
34” tape in 3 minutes. 


of %” or 


FOR FURTHER INFORMATION WRITE 
ElectroData Corporation 
Component Sales Division 
717 No. Lake St., Pasadena 6, Calif. 


ElectroData 


An Affiliate of 


CONSOLIDATED ENGINEERING CORPORATION 


OF PASADENA, CALIFORNIA 


ElectroData Corporation maintains a nation- 


wide sales and service organization. 
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NEW PRODUCTS 


AIR RELAY juggles with 
great dexterity. 


Like its electrical counterpart, the 
pneumatic relay can do many jobs. 
Some functions it can perform: air-vol- 
ume amplifying; pressure reversing, re 
tarding, and averaging; differential 
controlling; minimum-pressure con 
trolling. The unit shown is set up to 
“average” the air input from two or 
three signals sources and provide a re 
solved air output to a wok controlled 
device. It is set to pass 7 psi when 
all input pressures are 7 psi. The 
Powers Regulator Co., Skokie, III. 

Circle No. 9 on reply card 





DIGITAL ADVANCES 
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COMPUTER for simple and specialized operation. 


Here’s something that looks like 
more than a good product—it looks 
like a good idea as well. The selling 
point behind this analog computer is 
that it is operated by the aeronautical 
enginecr who has the problem, and 
not by a specialist permanently at 
tached to the device. Putting the 


whole machine on casters allows it to 
be rolled around an engincering office 
to the group who needs it. 

Inputs, which are set to four sig 
nificant figures, include: Mach num 
ber, pressure ratio, engine thrust, gros 
weight, reference area, profile drag 
coeficient. And the output will be 





MODEL 124-140 LINEAR SERVO ACTUATOR 


a 10.50 FULLY EXTENDED 112” TRAVEL onanneenie 
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SPECIFICATIONS 


MODEL 123-1208 LINEAR SERVO ACTUATOR 


FOOT, .FLANGE OR TRUNNION MOUNTINGS TO SUIT MODEL 124-140 


Operating Pressure 200 to 3000 psi 
Stroke R + 2.00 inches 


e Ram Area ... 1.975 sq. in. 
in@éar Velocity (1000 psi 


valve pressure drop) 20 in./sec. 


S e rvo Actu ato rs Position repeatability . .002 inches 


Natural Frequency 
(closed loop) Srey. fF 


For linear control applications, Pegasus offers industry 
a series of servo actuators of various capacities. 

Ram actuators Model 123, Model 124, and Model 125 
provide areas of approximately 1, 2, and 5 square inches, 
and strokes of 1.5, 4.0 and 4.0 inches respectively. Ram 
actuators of other areas and strokes are available on 
special order. 

A differential transformer position pickup is mounted MODEL 123-120-B 
concentrically within the hollow ram shaft of each 
actuator, and manifold mounting is provided to fit any 
of the standard Pegasus servo valves. Stroke t .750 inches 

The servo valves Model 120-B (%” spool), Model 140 Ram Area -895 sq, in. 
(%” spool), and Model 140-A-120-B (two-stage) pro- Velocity (1000 psi 
vide flow capacities of approximately 5, 10, and 20 valve pressure drop) .. 20 in./sec. 
G.P.M. at a valve pressure drop of 1000 P.S.I. Spool 
drive for these valves is through a hydraulic flapper 
boost from a force motor. 


Operating Pressure 200 to 3000 psi 


Position Repeatability. .0007 inches 


Natural Frequency 
(closed loop) 





Let us quote on your Linear Control problems. 


EGASUS LABORATORIES, INC. 3690 Eleven Mile Rd., Berkley, Mich. 








DESIGN AND MANUFACTURE OF ELECTRO-HYDRAULIC SERVOMECHANISMS 


Medel 117-C Model 122-120-B Model 140-120 Model 109-F Model 123-120-B Model 108-D 
Transmitter Amplifier Rotary Actuator Two Stage Valve Force Motor Linear Actuator Servo Amplifier 
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NOW LINKED TOGETHER.=. | | “*™ ropes 


DAYSTROM INSTRUMENT and AMERICAN | ‘} | maximum speeds at steady rates of 
GYRO—a team of proven ability, know-how and =» | climb, lift coefficients, and climb an- 
experience for the solution of any electronic, gyro“ gle. Its accuracy is said to be general; 


A within 0.1 per cent of full scale. Link 
SCOPIC, control and automation problems REGARD- Avition, “Ea Binghamton, N. Y. 


LESS of SCOPE.or MAGNITUDE—from drawing > Circle No. 20 on reply card 


\ 


board to“vyolume-production. © \ 


7 


eo. , 
DAYSTROM INSTRUMENT = Archbald, Pa. 


oF ad In a big modern plant of 
: ; : 350,000 square feet 
Daystrom Instrument is 

staffed and equipped to 

develop, design and manu- 

facture precision electronic 

and mechanical instruments 


for the Armed F d ie 
industry. The very finest | TAPE RECORDER features = 


modern machinery and building block assembly. 
equipment is available at 


Daystrom .for the manufac- The A-V Type 7 Magnetic Tape 

ture, assembly and test of Recorder will accept inputs from 100 

these products. to 100,000 cps. Designed around a 

“building block” scheme, the equip- 

ment consists of nine basic units: tape 

transport, head assembly, record ampli- 

fier, etc., and thirteen accessories, such 

as remote control panel and portable 

case. A new drive system helps reduce 

+ flutter well below 0.1 per cent. Four- 

é v, * ; speed drive from 74 to 60 in. per sec 

ny ; ae widths up to ] in, and one to 

RADAR ae fourteen tracks increase its versatility. 

GYROS } : Field Engineering Division, 100 Indi- 

COMMUNICATIONS: ) ana Ave., N. W., Washington 1, D.C. 

MINIATURIZATION” Circle No. 11 on reply card 

NAVIGATION 

COMPUTERS {2 


NUCLEAR INSTR, 
k 


© sense O11 Wreine 


RICAN GYRO= Santa Monica, Calif. 


Products and facilities of American Gyro Div. of Daystrom a timed with 
Pacific Corp. perfectly complement the products and facilities _ power-line frequency. 
of Daystrom Instrument. American Gyro components and 
control systems are outstanding in a field demanding pre- 
cision, accuracy, and ruggedness. Daystrom Instrument is 
proud to welcome this new member to the family of Daystrom 
Incorporated. 


Power line 60 cycle is doubled to 
120 cycles and fed into the counting 
circuit of this interval timer. When 
the preset recycle point has been 
reached, recycle to zero is automatic, 
and a different recycle point is set up. 


PUNE LAO LN EM | Thus, precise intervals, accurate to 


CONTROL ENGINEERING 





1/120 sec, up to 8% sec are possible. 
Also available are longer counting in 
tervals with up to four different inter 
val lengths. Electronic Products Div., 
Post Machinery Co., Beverly 11, Mass. 

Circle No. 12 on reply card 


MINIATURE COUNTER has 
print-out for panel mounts 


About the size of a_ portable 
typewriter, Streeter-Amet’s print-out 
counter will deliver a strip of paper full 
of #% in. high numerals indicating its 
count, at a maximum rate of 1,000 
per min. Automatic resetting at an 
established figure is a standard feature. 
Goes to 99,999 on each count. Streeter 
Amet Co., 4101 Ravenswood Ave., 
Chicago 13, IN. 

Circle No. 13 on reply card 


WOUCTANTE CONTROLS 
OSCILLATOR 
ro wh AP 
&y REQ 
Va EMGINEE RING CON 


See. 
ae. : 
a eee 


TELEMETERING oscillator 
converts inductance to 
frequency. 


Telemetering signals from a variable- 
inductance pickup is facilitated by this 
FM oscillator. Inductance variations 
of the pickup modify the frequency of 
this oscillator from center frequencies 
ranging from | ke to 100 ke. Its built- 
in cathode-follower amplifier meets 
isolation and matching requirements 
of low-impedance loads. Its heater 
supply is 6.3 v at 600 ma or 12.6 \ 
at 300 ma. Plate voltage is 150 vde at 
5 ma or 108 vde at 6 ma. The oscil- 
lator was designed primarily to com- 
plement the makers P-100 pressure 
transducer. Datran Engineering Corp., 
6312 W. 92nd St., Los Angeles 45, 
Calif. 
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FEEDBACK FACT 


Posed: An infallible, automatic way 
to assure Ma’s best recipes. 

Solved: Help wifey with a Magnecord 
tape-controlled unit which will meas- 
ure, combine and mix the proper in- 
gredients. 


For Immediate 


Delivery 


@ MINIATURE A.C. MOTOR 


@ STANDARD SIZE 10 MOUNTING DIMENSIONS 


@ CLAMPED BEARING RACE CONSTRUCTION 


@ LOW PRICE 


938 DA. 





:900 DIA. — 


-.0005 
5000 O/A. 
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These precision A.C. motors are supe- 
rior in construction to motors previously 
available. Deliveries are made 
from stock. 


Also in production are complete 
lines of transmitters, receivers, control 
transformers, resolvers and differen- 
tials of size 10, size 11 and size 15 
synchros, miniature D.C. motors and 
other electronic components. 


For full engineering information, 
drawings, electrical characteristics 
etc. write or telephone T. W. Shoop, 
Sales Mgr. Telephone (Phila.) MAdi- 
son 6-2101. West Coast Rep. Wm. J. 
Enright, 988 W. Kensington Rd., Los 
Angeles, Calif. MUtual 6573. 


LOOK TO _ FOR SYNCHRO PROGRESS 


APRIL 1955 





in design... 
operation... 


Fathou 


HYDRAULIC CYLINDER 


The design of all Pathon Hydraulic Cylinders 
in both the R.H. 1000 P.S:1. and QH 1000 
P.S.1. Series give you inherent characteristics 
which result in compactness, low stress con- 
centration and increased fatique life. 


AIR CYLINDER 


All Pathon Air cylinders provide these im- 
portant interrelated features. Dual Ram Sup- 
port, Self Seal Packing, Reduced Power Con- 
sumption. They add up to a better, more 
efficient operating cylinder for you. 


HYDRAULIC DIRECTIONAL 
CONTROL VALVES 


The Pathon H4W series of remotely operated 
direction control valves are extremely com- 
pact, inexpensive to use, easy to install, 
efficient in operation and are designed to 
complement modern machine design. 


MANUFACTURING CO. 
3823 Pacific Ave., Cincinnati, Ohio 
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NEW PRODUCTS 


CLUTCHES in miniature sizes do a good turn. 


Although they weigh only 2 oz, 
these tiny clutches have torques rang- 
ing up to 15/oz in. Three models, two 
for continuous rotation, the other for 
single-turn drives, can be used with 
input speeds of up to 200 rpm. ‘The 
assembly shown above has two knobs 
turning ten potentiometers. One knob 
cuts in each clutch separately by means 
of a rotary switch, and the other then 


MOTORS with a series of 
built-in gear trains. 


Featuring gear train ratios from 3:1 
to 10,500:1, these compact, light as- 
semblies, only 14 in. in diameter, can 
deliver up to 1,600 Ib in. The maker 
takes pride in high precision through- 
out the manufacture of these type 
3094 motor-gear trains. John Oster 
Mfg. Co., Avionic Div., 1 Main St., 
Racine, Wis. 


Circle No. 16 on reply card 


positions the potentiometer being 
driven through the active clutch. Op- 
erating at voltages from 6 to 30 de, 
they draw about 1 watt. Complete 
engineering data on these miniature 
clutches called the 500 series, is avail- 
able in an 8-page brochure. Electronic 
Manufacturing Engineering Co., 2410 
Beacon Ave., Seattle 44, Wash. 
Circle No. 15 on reply card 


UPRIGHT MOUNTING for 
motor aimed at recorders. 


Model RCS-65 is a permanent split- 
capacitor-type motor with 2 9/19 in. 
diam. It comes with a small cooling 
fan. It will deliver 4 oz-in. at approxi- 
mately 1,650 rpm. Magnetic leakage 
has been held down to allow its appli- 
cation in tape recorders, where it can 
be mounted vertically. Holtzer-Cabot 
Motor Div., National Pneumatic Co., 
Inc., 125 Amory St., Boston 19, Mass. 


Circle No. 17 on reply card 
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400 CPS MOTOR for tape 
recorders or servo systems. 


Although the standard design of 
this motor features it as an induction 
motor, it can be had as a synchronous 
motor with a reduced power output. 
The single-phase winding operates on 
110 vac and turns at 11,800 rpm. 
Maximum power input is 45 watts, 
output 15 watts. The manufacturer 
recommends it for actuator or tape re- 
corder use. The Delmotor Co., 1381] 
Clay St., Santa Clara, Calif. 

Circle No. 18 on reply card 


ROTARY transformer 
for angular pickups. 


Although resembling a pot, this is a 
rotary differential transformer intended 
for generating position signals of con- 
trol surfaces, valves, etc. Its output 
voltage varies linearily with angular 
position. A cam-shaped ferromagnetic 
core varies the coupling between pri- 
mary and two halves of its secondary. 
Primary excitation is 3 to 5 at about 
400 cps to 8 kc. Its sensitivity is 
0.004 v per deg of rotation with a 
2,000 cps exciting current at 5 v. 
Error is 1 per cent up to 40 deg and 
3 per cent thereafter. Schaevitz Engi- 
neering, Camden 1, N. J. 
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Model E-6-15A Nobatron 


WHEN YOU NEED 


PRECISELY DC 
REGULATED 


SPECIFY 


NOBATRON 


accurate * dependable * economical 


For more than ten years, Sorensen NOBATRONS have provided regulated, low-voltage, high- 
current DC in thousands of laboratory and industrial applications. Their users have chosen them 
for their +0.2% regulation accuracy, their convenience of use compared with battery installa- 
tions or other sources, their dependability, their easy maintenance. 


Nobatron circuits usually employ only three tubes. They are easily accessible for replacement 
when required. The characteristics listed below are conservative and tell you why you should 
specify Nobatron. 


Models available (numbers indicate voltage & current) E-6-5A, E-6-15A, E-6-40A, E-6-100A, E-12-5, 
E-12-15, E-12-50, E-28-5, E-28-10, E-28-30, E-28-70, E-28-150, E-48-15, E-125-10, E-200-5. 
ELECTRICAL CHARACTERISTICS 

Input 95-130 VAC, 1, 50-60 cycles. 120/208, 3), 4-wire wye for the E-28-150. The E-28-70 

requires 190/260, 1”) power. 
Reg. accuracy +0.2% against line, +0.2% against load 
Ripple Varies to 1% RMS max. under worst conditions. 
Load range 1/10 to full load. 

Output range Adjustable +10%; down to 20% at lesser accuracy. 
Recovery time 0.2 seconds on all models up to 1 KW rating, increasing to 0.5 seconds at 10 KW. 
Note: “A’’ models output either 6 or 7 volts. *Reg. U.S. Pat. Off. 


; NOBATRON-RANGERS Your interests may best be served by an 
instrument with electrical characteristics similar to the standard Nobatron, 
but with stepless, continuously adjustable output. If so — find ovt more 
about Sorensen’s line of Nobatron-RANGERS. 


ELECTRICAL CHARACTERISTICS 
Input 95-130 VAC, 1), 50-60 cycles for SR30 and SR100. 
190-260 VAC, 1), 50-60 cycles for the SR2. 
+0.25% at any voltage setting. 
1% RMS mox. 
SR100 SR30 SR2 
5-135 5-30 100-300 
1-10 3-30 1-10 


TUBELESS NOBATRONS Sorensen is aware of the advantages 


of tubeless circuitry, and manufactures a line of tubeless supplies, also. 


ELECTRICAL CHARACTERISTICS 
MA2850 

190-230, 3), 4-wire,wye 
23-32 adj. 


Model SR2 
Model MA65 
Input, VAC,60, 105-125, 14 
Output, VDC 6, adj. +10% 
load range 0-5 amp. 0-40 amp. 0-50 amp. 
Ripple 1% max. 1% max. 3% mox. Model 
Reg. accuracy *+1.0% for any combination of line and load. MA640 
Recovery time 0.2 sec. 0.15 sec. 0.5 sec. 


Catalogs available describing the complete line of Sorensen instruments. Write for free copies today. 


e. 
SORENSEN 


SORENSEN & CO., INC., 375 FAIRFIELD AVENUE, STAMFORD, CONNECTICUT 


MA640 
105-125, 1 
4.5-7.7 adj. 
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American Electric Model 430 


AIRCRAFT DRIVE MOTOR 


COMPLETELY QUALIFIED 
TO MIL M 7969 SPECS. 


42 H.P. 11,000 R.P.M. Teflon construc- 
tion; Operates from —65° F. to +160° 
F. Totally enclosed; explosion- aoead, 
oil-proof. Resists shock, vibration, salt- 
spray, fungus and humidity. Flange and 

shaft details, per AND 10457 type II A, 
permit easy = nah ation to a multitude of 
uses. Rotates clockwise, counter-clock- 
wise or both. Basic dimensions: Length 
3”. Bell Cap O.D. 3.214”, Housing O.D. 
2.500” — Operates on 115/220 V. 3 ph. 
400 cycle. 


Many Other Models Fully Developed 
American Electric Miniatures are avail- 
able for operation on 60, 400, 1600, or 


2000 c.p.s. or on variable frequencies 
from 320 to 1200 c.p.s. 


TWO TYPES: 


INDUCTION — Output torque range from ¥2 
in. oz. to 120 in. oz. 


SYNCHRONOUS (Hysteresis or Reluctance 
Models) Output torque range from .01 in. 
oz. to 16 in. oz. 


Ask for quotations on special requirements! 
wees 182DA AXIAL FAN 


A) 
OTOR — Totally enclosed, 


poh eoy screened intake, MODEL 323 sag fl TORQUE 
Hy temp. operation.20 CFM DRIVE MOTO h.p. at 
N.A.F.M. at free air. 0.0 11,200 r.p.m a ye 
1.45”, 115 V., single phase, phase 200 V. Tefion insu- 
400 cycle, of variable fre- lated, —65° F. to + 160° F 
quency models. operation 


MODEL 2010 HYSTERESIS 
SYNCHRONOUS MOTOR — For 
ing 5 Reference Timing Applica 
se Png r.p.m., 5 to 25 
duty. Meets all general MIL orque. Plain or 
specs. oonee thant extensions. 


FIELD ENGINEERING OFFICES: 
Boston * Buffalo * Canada (Montreal) * Canada 
(Toronto) + Chicago * Dayton * Minneapolis 
New York City + Silver Spring « Atlanta * Memphis 
New Orleans * Tampa « Dallas + Kansas City, 
Mo. « Seattle + Los Angeles + San Francisco 
St. Louis, Mo. * Syracuse, N.Y. * Rochester, N.Y. 


American Electric Motors, nc. 


Miniatu 
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DAMPS ADJUSTABLY with 
little friction. 


Adjustable damping, from 0.5 to 
25 in.-lb per radian per sec is the fea- 
ture of this mechanism. The shaft 
rotates 90 deg. The effect of tem- 
perature is minimized by a silicone 
damping fluid, which is relatively in- 
sensitive to temperature variations. 
Haines Gauge Co., Inc., Bridgeport, 
Pa. 

Characteristics 

Friction 

Weight 
Maximum torque 
Circle No. 


9 oz. filled 
15 lb-ft 
20 on reply card 


RUGGED AND COMPACT is 
this PB fixed timer. 


This non-adjustable timer is smaller 
than a citizen-sized pack of cigarettes, 
but it has king-sized capabilities. It 
has a heavy duty switch, solderless 
snapon terminals, and a completely 


enclosed switch and gear mechanism. 
Its fixed timing period is available from 
20 sec to 24 hr. It operates on ac, 
110 or 220 v, 25, 50, or 60 cycles with 
a 300 amp rating. The pushbutton 
that starts its cycle has solid silver 
contacts. Miller-Harris Instrument 
Co., 601 East Ogden Ave., Milwaukee, 
Wis. 

Circle No. 24 on reply card 


a ss % a 
COSINES by a twist 
of the shaft. 


Dual cosine output from two elec- 
trically-isolated potentiometers, plus or 
minus 75 deg with an accurary of 
0.04 per cent should be of interest to 
a computer doing trig. Windings up 
to 200,000 ohms are available. Called 
Model #35,000, it weighs 4.2 lb and 
is about 5 in long and 5 in diam. 
Gyromechanisms, Inc., Halesite, Long 
Island, N. Y. 

Circle No. 22 on reply card 


ACCELEROMETER excels at 
adjustable damping. 


An air-damped spring-mass system 


FEEDBACK FANCY 


Needed: For those who invent—’’automated” patenting. 


Suggested: Surely the thundering horde of digital patents 
passing through the Department have suggested a way to beat 
the tedious search and weary wait? Simply a digital coding 
system for patents and claims, served by a central data 


processing facility. 





What's 


Your Use for... 


has damping adjustable between 0.1 
and 1.0 critical in this accelerometer. 
Pressure sealed, it will take up to 20 g. 
The resistance windings, from 5,000 
to 1,000 ohms, perform with 0.25 per 
cent resolution and linearity of plus or 
minus 0.5 per cent. Bourns Labora- 
tories, 6135 Magnolia Ave., Riverside, 
Calif. Circle No. 23 on reply card 


PICKUP on speed control 


provides meter reading. 7 i t sia R 
VerniStat... 7h Revolutionary 


The Speed-Trol variable-speed drive 
can now be supplied with a tachometer New Precision Variable-Ratio Tran sformer 
generator and meter making possible ‘ 
direct indication in rpm or other 
units at ft per min. The speed re- . on : hee ih 
ducers are available in ranges of 4 to is a completely different type of voltage divider combining low 
30 hp. Sterling Electric Motors, Inc., output impedance with an inherently high resolution and 
5401 Telegraph Rd., Los Angeles 22, 
Calif. Circle No. 24 on reply card 


Analog Computers? Servos? Control Systems? Vernistat 


linearity not ordinarily attainable by precision potentiometers. 
The Vernistat consists of a tapped auto-transformer which pro- 
vides the basic division of voltage into several discrete levels. These 
levels are selected and further sub-divided by a continuous inter- 
polating potentiometer that moves between 30 transformer taps. 
Because of its unique operating principles, electrical rotation is 
held to close tolerances eliminating the need for trim resistors. In 
many applications there is also no need for impedance matching 
amplifiers. 
Specifications of the standard model Vernistat are shown below. 
Other versions are under development to meet specific end uses. 
What are your requirements for this unique precision voltage 
divider? Fill in the coupon now. 


SOLENOID pulls high in vernistat division pk KIN-ELMER CORPORATION 
close quarters. NORWALK, CONNECTICUT 





While the small size of this solenoid 2 
especially adapts it for compact equip- SPREINIGA TIONS vernistat division Way PERKIN-ELMER CORPORATION 
ment and components, its maker Linearity Tolerance 815 Main Avenue, Norwalk, Connecticut 
claims it has a very high seated pull better than 2.00% 
because of its double shading coil. Resolution better than .01% 
The unit will operate in any position Output Impedance 
and under constant or intermittent 130 ohms (max.) 
duty at 115v, 60c. Its blade terminals Max. Output Current 50 ma NAME 
are standard, with flexible leads op- Frequency 50-3000 cps TITLE 
tional. Dormeyer Industries, Dept. Niet coeitihn iantatitads. oc alii 
CLN, 3418 N. Milwaukee Ave., Chi- aturized 400 cps version will be veeemmaeel 
cago 4] , Ill. available in the near future. ADDRESS 

Circle No. 25 on reply card 


Send me more information on the Vernistat. 
The application | have in mind is as follows: 
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ultta- 
— 
relays 


help solve control | 
problems in wide range 
of industrial applications 


BARBER 
COLMAN 


TYPE O 
Octal plug-in 


TYPE L 
Solder-lug 


Screw 
Terminals 





TYPE HV 
Hermetically 
sealed 
Minimum 
mounting 
space 


Operating on input powers of 50 to 1000 
microwatts, the Barber-Colman Micro- 
positioner is ideal for use as a null de- 
tector in resistance bridge circuits, a 
differential relay in electronic plate cir- 
cuits, and an amplifier in photo-electric 
circuits. Standard contact arrangement 
is SPDT, null seeking. Can be operated 
in excess of 100 cps. This ultra-sensitive 
polarized d-c relay has been widely used 
in many control applications ... in nu- 
cleonics, communications, instrumenta- 
tion, process control, railway signal 
transmission, and aircraft temperature 
control and remote positioning. Write 
for Bulletin F 3961-4. 


Barber-Colman Company 


Dept. P, 1448 Rock Street, Rockford, Illinois 
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INSTRUMENTS EVOLVING 


METER READS both log 
and linear. 


A unique logarithmic meter move- 
ment in this ac vacuum tube voltmeter 
gives the user log voltage indication 
and linear db readings. Thus meter 
reading accuracy is independent of 
pointer position. 


Characteristics 
Meter Ranges— 
Volts Full Scale 
0.001 to 100 by factors of 10 
(cal. RMS value) 
0.03 to 300 by 
DB Ranges 
minus 60 to 50 in steps 10 db 
Freq. Range 20 cps to 2 mc 
Error. .3 per cent to 100kc, 5 per cent 
to 2 mc at any point on the 
Shasta Div., Beckman 
Inc., Richmond, Calif. 


MV CONTROLLER for stack- 
ing in relay racks. 


factors of 10 


Instruments, 


Honeywell now has a redesigned 
version of its millivoltmeter controller 
in a horizontal steel case, 19 in. wide, 
6 in. high, and 103 in. deep. This 
makes it possible to stack several of the 
26 Ib instruments in a standard relay 
rack. Control modes and instrument 
performance are a kin to the conven- 
tional unit. Industrial Division, Min- 
neapolis-Honeywell Reg. Co., Wayne 
€ Roberts, Phila. 44, Pa. 

Circle No. 26 on reply card 


WEIGHT-GAGES SOLIDS or liquids in slurries passing 


continuously through pipes. 


Wrapped around the pipeline to 
the left of the instrument panel is a 
practical example of radioactive meas- 
urement at work. It’s a beam source 
that routes through the pipe-contained 
moving slurry, and an oppositely 
placed cell that gages the amount of 
absorption—and thus the percentage 
of solids or liquids in the slurry by 
actual weight. On the panel is the 
intermediate amplifier and the weight- 
percentage indicating recorder and, 
if desired, controller. This installa- 
tion is measuring the solids content of 
an asbestos cement-water slurry. Simi- 
lar ones are being used for slurries of 
clay, magnetite, grinding compounds, 
and coal. 

The precision of this type of meas- 
urement is apparently excellent. In 
a 10 in. pipe length of 2.0 SpG slurry, 
measurements in the range of 0-40 
cent solids can be made to within 0.3 


per cent solids. As the solids content 
increases, the maker notes precision 
also increases. The Ohmart Corp., 
P. O. Box 67, Cincinnati 22, Ohio 


Circle No. 27 on reply card 


FEEDBACK FACT 


Posed: Some way of calling Dr. Kildare without waking all 


his patients too. 


Solved: The good Doctor can now be equipped with a Radio 
Receptor Co. pocket job which whispers a personal beckon. 





CLIPS ON to add function 
to stripchart record. 


This device neatly clips onto the 
door of a strip chart recorder and will 
print a number, date, or time on the 
chart whenever it is voltage-actuated 
during operations. Hence, any par- 
ticular happening or condition can be 
integrated into the chart record. It 
operates on 28 vdc, but can be adapted 
to other electrical requirements. A 
plexiglas cover is part of the kit and 
will preserve the integrity of the instru- 
ment glass. Royson Engineering, Hat- 
boro, Pa. 

Circle No. 2§ on reply card 


i 


6 


P FP peda 
— 


MODEST CONTROLLER has 
magnificent uses. 


While the maker’s price tag on this 
electric contact controller is low, the 
jobs it can tackle may involve big dol- 
lar savings. For example, its ability 
to act (SPDT) on small current or 
voltage changes suggests it actuate 
a machine tool re-indexing machan- 
ism (a dull tool pulls more load), set 
off a pH alarm, operate battery charg- 
ers, signal dangerous gas or loss of 
vacuum. Signal input to the unit’s gal- 
vanometer-relay combination may be 
in microamps or millivolts, ac or dc. 
Control sensitivity may range from 
0.2 na to 1,000 amp or more, 0.1 mv to 
over 500v. Power relay is rated at 5 
amp and power requirement is 15 
watts. Assembly Products Inc., Ches- 
terland, Ohio 


Circle No. 29 on reply card 


SINCE 1915 LEADERS IN AUTOMATIC CONTROL 














The task called for a rugged, reliable drive of a motor which 
would deliver up to four horsepower on acceleration, and at 
least 1% horsepower continuously. Maintenance requirements 
to be at a minimum. The drive must be able to stand high 
shock and operate under several G’s. It must operate in 


temperatures from —65° to 165°F. 


Ford engineers developed such a drive in a magnetic 


amplifier servo system. It could be made for position control 


or rate control, and it operated smoothly and accurately under 


an unbalanced load condition. The gain or current-output/ 
current-input (with motor stalled ) 60,000; with a maxi- 


mum output of over 90 amps. 


This is typical of the solution of engineering problems in 
the field of servomechanisms by the Ford Instrument Com- 
pany. Should you have a problem such a solution may answer 
for you, write and indicate your needs. Ford Instrument 
Company’s forty years of experience in developing, designing 
and manufacturing special devices in the field of automatic 


control will help you find the answer. 


FORD INSTRUMENT COMPANY 


DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N.Y. 


ENGINEERS 


of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information 
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Machinery Mfr. 
Cuts Production 
Time 50% 


Using Slo-Speeds on cold metal 
processing equipment we man- 
ufacture, we show savings of 
approximately 50% in construc- 
tion costs, reports Mr. George H. 
Slagle, owner, Slagle Beryllium 
Co., Havertown, Pa....and our 
customers gain an important 
economic advantage through 
lower equipment costs. 


STERLING SLO-SPEED 


OUTSTANDING FEATURES: 


Simplified gear system — balanced 
design — compact — rugged — highly 
efficient — abundant lubrication — low 
output shaft — positive oil seals — 
Herringbone Rotor — protected — 
streamlined — direct through ventila- 
tion— quiet operation —AGMA speeds 
—extremely long life—every unit will 
operate in any position. 





20-page illustrated catalog... 
Sterling Speed-Trol, Slo-Speed, 
Klosd and Klosd-Tite Electric 
Power Drives. Write for catalog 
No.205 


TERLING 


ELECTRIC MOTORS 











Plants: New York City 51; Chicago 35; 
Los Angeles 22; Hamilton, Canada; Santiago, Chile 
Offices and distributors in all principal cities 
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GAGES STATICS and dynamics | 


in violent systems. 


This compact unit has its own 
built-in power supply and will accept 
the input from pressure pickups at 
up to 75,000 psi under, the maker says, 
the most adverse conditions of tem- 
perature and vibration. It appears 
highly useful for pressure studies in 
rocket and jet motors, as well as hy- 
draulic and explosive systems. 


Characteristics 
Output. . stable within 15 vy into a high 
impedance load 
Freq. Response. 
from 0 to over 20,000 cps 
Cable lengths. . up to 1,000 ft if desired 


Photocon Research Products, 421 N. 
Foothill] Blvd., Pasadena 8, Calif. 
Circle No. 30 on reply card 


(hahah) Tanah te 
UA by 


SLIP-IN THERMAL systems 
keep it on the job. 


Production quantity calibrated ther- 
mal systems are available to slip into 
this controller to keep it on its job. 
It features a 12 in. rotating scale to 
eliminate parallax in control point set- 
ting. Ranges are available with a 300 
to 550 deg span from minus 150 
to 650 deg F. On-off electric contact 
control differential can be set as close 


MAGNETIC 
AMPLIFIER 


@ Response time 
of one cycle 
e Temp. range 
—55°Cto+ 85°C 
e Power supply 
115V, 400 cps, 
single phase 
e@ Hermetically 
sealed reactor 
unit only 242” 
high and 2%” 
diam., weighs 
less than 12 oz. 


The R40G10W1 can be supplied either 
as illustrated or with a built-in magnetic, 
transistor, or vacuum tube preamplifier. 
The moisture and fungus proofed rec- 
tifier is supplied for external mounting. 
This economical and rugged unit is ideal 
for integration with servo systems re- 
quiring Mark 7 or 8 motors. Write for 
details. 


9 


RESEARCH 
& DEVELOPMENT CO - inc 


202 TILLARY STREET 
BROOKLYN 1, NEW YORK 
Telephone: Ulster 2-6800 


> 





AUTOMATIC 
PYROMETER 


SIMPLYTROL 


Cat. No. 4531 0 2500 F 
Price $132.00 


Thermocouple type Automatic Pyrometer for 
controlling temperature in furnaces, 
and processes. The Simplytrol is economical 
and reliable with few moving parts. There 
are no vacuum tubes. The regular load relay 
is S.P.D.T. 5 Amps. Optional heavy duty 
relays to 40 Amps. 


ovens, 


10 temperature ranges cover from —75° to 
3000° F. Several special ranges to —400° F 
“On & Off control for holding the desired 
temperature works on gas, electric 
heat. Indicating meter-relay is medium high 
resistance and has bimetal cold junction com- 


oil or 


pensation. For use with all standard thermo- 


couples. Accuracy 2%. 


“Auto-Limit 
automatic controller to limit pyrometer for 
safety shut down or warning. Cabinet: 62x 
642x9'2 inches. Also flush panel mount modeis. 
Send for new Bulletin G-7 for more dato. 
A-sembly Products, Inc., Chesterland ?? Ohin 
“See us at 1.R.E. Conf. Westward Ho, Phoenix, 4/28, 29” 


switch changes Simplytrol from 





Relay Engineering Principles ... #2 


as 0.5 deg. Standard electrical rating COM: wd 


is 15 amp at 115/230 vac. United 


SSS ly WE 
Electric Controls Co., 85 School NAN S21 Yn 
Street, Watertown 72, Mass. a, A aves5 NaS 


Circle No. 34 on reply card 








Knife Edge Type Pin Hinge Type 


Relay Armature Pivots 
ENGINEERS KNOW... 


. . that a knife edge pivot eliminates all sliding friction of 
moving parts characteristic in pin hinge armature mountings 
. friction means wear. 

. . that any wear of armature pivots varies travel and air 

gaps destroying original adjustments of the relay. 
... that physical junction of a carefully annealed magnetic 
armature against the backstrap at the knife edge eliminates 
an unnecessary airgap in the relay's operating magnetic 
circuit. The only airgap remaining is a working airgap be- 
CONTROLLER with simplified tween armature and core. This provides the greatest amount 
. of working flux per ampere turn of the coil with resultant high 

contact action. sensitivity and power. 


= ee i ici i ivot i | factor i 
The maker of this indicating con- ... that simplicity of the knife edge pivot is a real factor in 


relay cost when compared to the usual pin hinge assembly of 


tac ) ) 
ict controller does not tell us how parts used te suspend the ermature. 


it does it, but the unit gives high- 
limit and low-limit signals at the set 
point without employing magnetic or t’s the Knife Edge Armature 
locking coil action. It is also claimed 

that this apparently simple instru- Found on NORTH Relays 
ment can be used as a continuous 
control with automatic reset. Fur- 
nished with portable use or wall and : . : 
panel mounting. Larson Instrument : pater espa = ru z = — 
Co.. 24 Orchard St. Tarry town, N. Y. . Pares your switching costs by its simplicity. 


Circle No. 32 on reply card 


«.. that knife edge requires no lubrication to function perfectly, 


. Cuts out friction and wear. 


. Shaves routine maintenance expenses. 


37 TYPE 
FRONT MOUNTEC 


ARMATURE RELAY 


A fast acting relay (with knife edge armature pivot) for high 
speed calculating machinery and control type switching. 
Available with one to three spring pile-ups, each containing 
up to eight springs, and any combination of contact forms 
as illustrated in NORTH'S New Relay Catalog. Double gold- 
alloy contact points are standard. 


THERMOCOUPLE heads in NOTE: Although North can supply a pin hinge pivot relay, 
only the knife edge type is used in North systems, for reasons 
polished chrome cases. shown above backed by 70 years of experience. 


These thermocouple heads are only ol gl ag SH 
14 diam. Watertight, chrome-finished 


and operating in ‘temperatures up to gs 
200 deg F, they accommodate wire THE N 0 RTH ELECTRI C 


from 30 to 14 gage. Conax Corp., \ py ti MANUFACTURING COMPANY 


4515 Main St., Buffalo 12, N. Y. 


, Originat f ALL RELAY Syst f Aut tic Switch 
Circle No. 33 on reply card riginators o ysfems o viomotic switching 


529 South Market Street, Galion, Ohio U.S.A 
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WHAT'S YOUR 
COUNTING 
PROBLEM ? 











Instantaneous 
Mechanical 
Reset Type 





SODECO 


ELECTRIC IMPULSE 
COUNTERS MEET 
A WIDE RANGE 

OF NEEDS. 


You can “count” on finding an 
answer to your counting problem 
in the Sodeco line. For in the 
Sodeco line are electric-impulse 
counters with speeds up to 25 im- 
pulses/seconds. Rugged and ac- 
curate, they are available with 
instantaneous mechanical reset, 
electric reset, and no reset. Ex- 
tremely compact, they require less 
space than most counters, and are 
suitable for flush mounting. The 
low power requirements of these 
counters permit their use in elec- 
tronic circuits. 

A new Sodeco feature allows 
counters to be “teamed”, so that 
when a certain predetermined 
point has been reached, the first 
counter automatically activates a 
second counter—keeping an accu- 
rate count of process cycles. 


Write today for our counter bulletins file 
—we're sure we have the answer to your 
counting problem. 


LANDIS & GYR, Inc. 


45 West 45th St., New York 36, N. Y. 
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NEW PRODUCTS 


IDEAS IN FLOW 


PUMPS OVER 1,000 shades 
of infinitely small. 


In the picture a hand is setting a 
dial indicator that has 1,000 calibrated 
increments. This actually permits the 
output of the metering and propor- 
tioning pump to vary over this many 
increments in a range of from 0 to 
2,400 mp of liquor per hour—literally 
from a controlled dribble to a precise 
trickle. A hydraulically balanced dia- 
phragm isolated the liquid from pump- 
ing parts, and a standard 1/20 hp mo- 
tor powers the stroking piston. Pump- 
ing rate—established by length of the 
piston stroke—can be dialed while the 
pump is either idling or operating. 
Lapp Insulator Co., Le Roy, N. Y. 

Circle No. 34 on reply card 


FLOWING SOLIDS weighed 
while routed to carts. 


The first application for this new 
strain-gage-actuated platform scale is 
the continuous weighing and control 
of flowing powdered materials into 
hopper carts. The cell itself can take 
up to a 500 Ib load, has a 10 in. sq. 





OURNS 


i 
} 


PRECISION 
POTENTIOMETER 


INSTRUMENTS | 


| 
for AIRCRAFT and 


GENERAL INDUSTRY 


PRECISION ENGINEERED 


Bourns instruments feature _ 
the finest design and 
workmanship in wire- 
wound potentiometry. 
Their precise electrical. 
signals, requiring no 
amplification, are used in 
control systems, 
telemetering networks and 
recording circuits. Rugged 
construction guarantees 

t/, actua” # accurate and dependable | 
ig performance during the 
severe shock, vibration and 
acceleration conditions 
encountered in aircraft and 
industrial applications. 


Physical variables such as 
linear displacement, 
acceleration and pressure 





are measured-to an 
accuracy of 0.25% of 
instrument range. Single or 
dual potentiometers and 
linear or functional outputs 
are a few of the many 
characteristics that can be 
provided. Besides the 
hundreds of standard 
models and ranges 
available, special 1 ngs 
may be developed for : 
individual requirements. 


Bourns TRIMPOTS — the 
ultimate in sub- 
miniaturization —are used | 
for circuit trimming in 
miniaturized assemblies 
subjected ‘to extreme 
environmental conditions. 


Bourns many years of 


LINEAR 
MOTION 








GAGE 
PRESSURE 


ABSOLUTE & 
DIFFERENTIAL 
PRESSURE 


tation, plus modern produc- 
tion facilities, assure you 

of the highest quality 
instruments attainable. 


ACCELEROMETER 


Pace 








OURNS 


LABORATORIES 
6135 Magnolia Avenue 
}. Riverside, California | 
Technical Bulletins on Request, Dept. 271 


6. L. PATENTS PENDING * TRADE MARK 





platform tace, and fits into a 12 in.- 
deep recess. Indicating and control 
instruments can be mounted at a cen- 
tral remote location and routing of the 
flowing material into desired recep- 
tacles and to desired end-quantities 
can be controlled by selection and ac- 
tuating devices, Baldwin-Lima-Hamil- 
ton Corp., Philadelphia 42, Pa. 

Circle No. 35 on reply card 


PRESSURE PILOT is handily 
self-contained. 


A good deal of thought went into 
making this new pressure pilot easy to 
adjust and versatile to apply. For ex- 
ample, it offers the full range of con- 
trol operations—changing from pro- 
portional to differential gap control or 
from direct to reverse action involves 
simply slicking the current-type nozzle 
to pre-set positions. Further, both con- 
trol modes can be dialed in over a 
0-100 range. Other features: an all 
metal relay; pneumatic feedback syn- 
chronization; a saphire feed orifice 
with push-button cleaner. The unit 
mounts on the company’s line of dia- 
phragm control valves, but also is 
available separately. Kieley & Mueller, 
Inc., 194 Genung Street, Middletown, 
Bs 

Circle No. 36 on reply card 


PLASTIC PARTS prolong 
proportioning pumps. 


Use of unplasticized polyvinyl chlor- 
ide or Kel-F in pump body and check- 
valve assemblies—also ceramic plung- 
ers and check ball valves—make these 
proportioning pumps quite immune to 
the ravages of corrosive fluids such as 


TWO NEW KEARFOTT 
COMPUTER COMPONENTS 


MINIATURE MECHANICAL RESOLVER 


1/2 ACTUAL 
SIZE 


An extremely compact unit meas- 
uring only 1 15/16" high, 1 3/4" 
wide and 2 1/8" long. It combines 
the functions of a ball and disc 
integrator and a spherical re- 
solver. Will integrate the sine and 
cosine functions of an angle or 
gto) ho Maa felmeltiellela ull mialse) 
its horizontal and vertical com- 
ponents. 


INTEGRATING FILTER 


Used to integrate a voltage signal 
from a specified minimum integra- 
LilolaMm ol-1alele ME oMMolal_-Mmelo)olcelelaullile) 
an infinite period.of time. Avail- 
able for DC to AC or AC to AC 
applications. These units eliminate 
harmonic and quadrature volt- 
oTel TM rom iil Ye eMulel lol m@melahaiile me) 
tachometer generator. Permits the 
Thy we) Mol ohumelolMucumasiiice Molin 
plifier by effectively providing 
infinite gain. 
DIMENSIONS: 

AC-AC Filter 1.437" diam..x 2.484" long 
DC-AC Filter 1.969" diam. x 2.938" long 


1/2 ACTUAL SIZE 


The close attention to details that has made Kearfott one of 
the leading producers of servo system components goes into 
the design and production of these devices. Detailed de- 


scriptions sent on request. 


KEARFOTT COMPONENTS 
INCLUDE: 


Gyros, Servo Motors, Synchros, Servo 
and Magnetic Amplifiers, Tachometer 
Generators, Hermetic Rotary Seals, 
Aircraft Navigational Systems, and 
other high accuracy mechanical, elec- 
trical and electronic components. 


ENGINEERS: 
Many opportunities in the above fields 


are open—please write for details 
today 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 


Midwest Office: 188 W. Randolph Street, Chicago, Ill. 


South Central Office: 6115 Denton Drive, Dollas, Texas 


West Coast Office: 253 N. Vinedo Avenue, Pacodena, Collf. 
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Available with 
Explosion Proof 
ilumination. 


Compensated Mano- 
metric Gage meets 
new _ interpretation 
of the boiler code 
for WSP of 900 psi 
or higher. 


You get full 180° visibility . . . so you 
can read the liquid level from any point from 
which you can see the gage . . . with the 
New Convex Scale now available on Jerguson 
Truscale Remote Reading Gages. Scale mark- 
ings are directly on the convex face and the 
indicator goes clear around the convex surface. 
You can stand at one end of the control room 
and instantly check your whole line up of 
Truscale Gages. 

Jerguson Truscales give you instant remote 
readings of liquid levels of waste heat boilers, 
tanks, etc. . . . with the amazing accuracy of 
Y, of 1% of scale reading. And with the New 
Convex Scale you make these readings from 
any angle . . . accurately, without distortion. 
Truscales also available with lights, horns and 
Truscale Repeaters. 


Write today for complete data on 
Truscale Gages with the New Con- 
vex Scale. 


Gages and Valves for the 
Observation of Liquids and Levels 


JERGUSON GAGE & VALVE COMPANY 
100 Fellsway, Somerville 45, Mass. 


Offices in Major Cities 
Bailey Meters & Controls, Ltd., London, Eng. 
Controle Bailey, Paris, France 
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HCl, HF, HNO,, CuCl, and FeCl. 


| Capacities up to 19 gph per feed are 


available in one, two, three, and four 
feed units. Up to 300 psi pressures 


| can be delivered. P.V.C. pumps can 
| be used up to 150 deg F, while Kel-F 


units are useable up to 250 deg. F. 
The plastic parts are available also for 
converting existing “U” pumps. Hills- 
McCanna Co., 3025 N. Western Ave., 
Chicago 18, III. 
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ROTAMETER transmits 
with little movement. 


Only three moving parts accomplish 
the pickup of float position and con- 
version to output air pressure in this 
new rotameter flow transmitter. The 
secret is a permanent magnet in the 
float extension. This proportionately 
attracts a flapper positioning armature 
in the transmitter. The movement of 
two ait-loaded stainless steel pistons 
relative to the armature provides the 
restoring force to reposition the arma- 
ture in response to flow changes. The 
resultant force-balance system has im- 
proved response and smaller air con- 
sumption. Also, with its low total float 
mass, the transmitter operates at flow 
rates as low as 0.5 gpm of water or 
2.0 cfm of air. Brooks Rotameter Co., 
Lansdale, Pa. 
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spots 
instead of 


stripes 


for the 
tiger of the 
sky 


Be all-white prototype Grum- 
man F9F-9 Tiger is polka- 
dotted with unpainted circles 
surrounding static pressure ori- 
fices. There are more than 250 
of these points on the left side 
of the airplane. 

The Navy’s new supersonic jet 
fighter is instrumented with 
Statham Model P81 Pressure 
Transducers for determination 
of pressure distribution in flight. 


! 


: 
For specific details 
pertaining to Statham 
Pressure Transducers, 
please request 


Bulletin No. PT-1, 


Malham 


LABORATORIES 
Los Angeles 64, Calif. 





CHECK FLOW reverse before 
it begins. 


Check valves are designed to permit 
free flow in one direction and to pre- 
vent return flow in the opposite direc- 
tion—a problem in supply pipes to 
many processing systems. This unit 
cleverly does its job by anticipating the 
danger. As the picture shows, the seat- 
ing flapper is suspended by a knuckle 
joint with spring action. Thus, spring 
tension on the flapper actually closes 
the valve before reverse flow occurs. 
The unit is rated for 150 psi and is 
available in various bodies and in 4, 6, 
and 8 in. sizes. W.. R. Ames Co., 150 
Hooper Street, San Francisco, Calif. 
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PILOT MATES neatly 
with this valve. 


Here is “erector-set’’ construction 
for heating-control closed-loop _ sys- 
tems. The makers of this solenoid 
valve have equipped it with a control 
socket receptacle so that any one of a 
variety of thermal or pilot pickups can 
be mated to it. Further, the pilot 
includes a rugged snap-action switch 
and is available with either automatic 
reset or manual reset. The valves come 
in 4, 3 and 1 in. sizes and standard 
power requirements are 25v or 115v 
60 cycle. Altogether, it should be easy 
to work up combinations to control 
just about any gas burning setup. 
White-Rodgers Electric Co., 1209 
Cass Ave., St. Louis 6, Mo. 
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“Up a Tree” with a Relay Tree?... 


KELLOGG 
CROSSBAR 


solves complex 
switching 
problems 
quickly, easily 
and inexpensively 





The Kellogg Crossbar Switch illustrated below estab- 
lishes the different types of electrical connections possible. 
Any cross point can be activated in less than 50 milliseconds 
by energizing one select magnet and one hold magnet. 
Standard contact material used in the Kellogg Crossbar 
Switch is palladium (gold can also be provided). Mounting 
brackets are available which provide drawer-like removal 
for easy inspection. Circuits can be maintained while the 
Kellogg Crossbar Switch is in the process of switching other 


circuits. 


SASS SFT 
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1) 


Drawing No. 1 illustrates 
the basic Crossbar principle 
which permits any of sev- 
eral incoming circuits to be 
connected to any of several 
output circuits. is type of 
switch can connect any of 
60 circuits, 3 at a time, to 
any of 75, 
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A Famous Nome 
in Communications 
Now Solving 
Problems in the 
Control Industry 


2) Drawin 2 shows a 
means 0 switching one in- 
coming circuit to many pos- 
sible outgoing circuits— 
accomplished by removing 
every other vertical. Thus, 
instead of having one cable 
terminal at one end of the 
switch, each remaining ver- 
tical has its own cable con- 
nection. This type of switch 
can easily be adapted to 
switch one circuit to any 
of 936. 


Write for Technical Bulletin 
Today! Dept. 72.D 
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KELLOGG SWITCHBOARD AND SUPPLY COMPANY 
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NEW PRODUCTS 


PROGRESS IN 
POTS 


SWITCH in pot turns 
two turns to ten. 


Something here is new in pots, 
really original, When you finish the 
single turn of this potentiometer’s 
shaft instead of stopping against ordi- 
nary stops, you're pressing against the 
rotor of a ten-position switch. Pre- 
cision-fixed resistors wired to this at- 
tenuator switch in combination to the 
single-turn section, provide resolution 
equivalent to 10 turns of a conven- 
tional pot. Its size: 13 in. diam, by 
13 in length. Electro-Measurements, 
Inc., 4312 S. E. Stark St., Portland 15, 
Ore. 
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LINIPOT converts inches to 
ohms for the traveler. 


Got anything slipping around? For 
four full inches this wire-wound pot 
will trade resistance for distance. With 
resolution better than 0.001 in, you 
can’t be very far off when this is used 





in a position-indicating setup. The 
shaft rotates freely, and up to four 
windings can be used with it. Benson 
Lehner Corp., 2340 Sawtelle Blvd., 
Los Angeles 64, Calif. 


Characteristics 


Friction 1 oz 
Resistance range. .50 to 50,000 ohms 
1 million cycles 

Linearity. . plus or minus 0.05 per cent 
Circle No. 42 on reply card 


LOW-COST at no cost 
to quality. 


At prices under $10, General Radio 
offers a series of pots packed with all 
the stuff good pots are made of. Line- 
arities start at plus or minus 0.2 per 
cent. General Radio Co., 275 Massa- 
chusetts Ave., Cambridge 39, Mass. 
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TINY POT would fit 
vest-pocket computer 


Here’s another part for that vest- 
pocket computer: a 3 in. diam 10-turn 
potentiometer with superb linearity. 
For the color-conscious engineer, the 


Here’s how to get 


QUICK STARTS 


and POSITIVE STOPS 
: a y 


New HILLS-McCANNA 


AIR ACTUATED 


Metering and 
Proportioning 
Pumps 


Have you a problem involving continuous metering of small volume flows? 
The new Hills-McCanna air actuated pumps can solve these problems in 
many cases where conventional pumps are not satisfactory . . . because they 
have an air cylinder drive. With them you can start fast and accurately and 
stop immediately — at high or low speeds. 

In the photo above a “UP” type pump is used as a “pickle pump” — 
adding just the right amount of brine to pickle jars. Other uses range from 
the injection of petroleum additives to putting ink in fountain pens. In all 
these services, the “UP” is dependable and accurate and may be used with 
a wide variety of controls. 

Hills-McCanna air actuated pumps are available in capacities of 0.1 gph. 
to 200 gph., with adjustable stroke lengths for positive volume control . . . 
all are built to the same high engineering standards as Hills-McCanna 
electrically driven pumps. 

Write for Bulletin UP-55-—HILLS-McCANNA CO., 2400 W. Nelson St., 
Chicago 18, Illinois. 

DESIGN DETAILS 
e External, interchangeable check valves © Interchangeable barrel and housing 
e Unitized construction, common base e@ Positive stroke adjustment 

@ Trouble-free operation 


Also Manufacturers of: 


SAUNDERS TYPE DIAPHRAGM VALVES 
FORCE FEED LUBRICATORS * MAGNESIUM SAND ALLOY CASTINGS 
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News in Analog Computing 
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Metal pre-patch panel with shielded cords . . . 


Only Electronic Associates’ Analog Computing Equipment includes an 
all metal pre-patch panel with coaxial shielded patch cords. This 
unique shielding avoids errors caused by inter-terminal leakage. This 
is just one of the reasons why EAI sets the pace for accuracy and 
reliability in analog computing equipment. Electronic Associates’ 
PACE Equipment (Precision Analog Computing Equipment) can be 
purchased at a reasonable price for single purpose use, such as the 
control of a process—or as a basic general purpose simulator which 
may be expanded into a large, versatile system—or computing time 
may be rented at our Princeton Computation Center, completely 
staffed and equipped to provide fast answers. May we forward you 
complete details. 


WRITE DEPARTMENT CE-6 
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fully-shielded housing is red anodized 
aluminum. High resolution, low 
torque, long life are among its features. 
For those “who want something dis 
tinctive, taps will be provided within 
plus or minus | deg. The turret ter- 
minals are gold-flashed silver. Ask for 
the “L1OS”. Technology Instrument 
Corp., 531 Main St., Acton, Mass. 


Characteristics 


Bie. has § in. long, 7 in. diam 


Resistant range 1 to 100 k ohms 
Linearity 0.05 per cent standard 
Torque .75 oz-in., starting 
Rating 5 watts at 40 deg C 
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NO BLOW too beastly for 
these pressure pots. 


Aircraft pressure potentiometers have 
suffered in the past from the fact that 
their natural frequencies were in the 
range of those of vibration and shock 
in flight. In developing a resistance 
winding of 1,200 turns to the inch, 
Transonics, Inc., was three years ago 
able to produce a pressure potentiom- 
eter with natural frequencies above 55 
cps with vibrations of plus or minus 
10 g. The trick was accomplished 
by using extremely strong high-rate 
springs. The advent of jet aircraft 
raised the vibration and shock situa- 
tion to plus or minus 10 g at 500 cps. 

Now, after two years of research, 
new Baroresistors can meet those speci- 
fications, Available for pressure ranges 
from 14 to 7 psi to 60 psi, they dis- 
play an error of only plus or minus 
2 per cent of full scale. Rated at 
10 ma, they have 7,500 ohm windings. 
Trans-Sonics, Inc., Bedford, Mass. 


Circle No. 45 on reply card 





ELECTRONICS 
ORIENTED 





FREQUENCY RESPONSE seen 
with speed and ease. 


Here’s an FM oscillator with an 
ingenious objective: instantaneous fre- 
quency response curves. By generating 
a constant-amplitude output voltage 
continuously varying in frequency 
from 20 cps to 200 ke, or any part 
of that range, the oscillator can pro- 
vide a scope face presentation of the 
frequency response of a piece of elec 
trical gear passing the frequency on. 
The frequency sweep can be varied 
from 0.5 cps to 50 cps according to 
saw-tooth, triangular, or square wave 
forms. A frequency marker can be 
positioned to 0.1 per cent accuracy. 
The oscillator is called a swept-fre 
quency generator, Model 200K. Elec- 
tromec, Inc., Burbank, Calif. 
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UPRIGHT MOUNTS fit 
cramped quarters. 


If you haven’t printed all your cir- 
cuits, potted all your parts, or painted 
all your components, here’s a new 
twist for those old-fashioned resistors 
and capacitors. Some users, says San- 
gamo, save 5 ft of wire by putting one 
of these Tote-m-pole’s to work. A 
single hole in your chassis provides for 
an insulated, easily-ventilated resting 
place for small parts. Enough Tote-m- 
poles and you need no chassis. San- 
gamo Electric Co., Springfield, III. 
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Regohim offers the design engineer 
many advantages in voltage 


Take Length of Life, for Instance: 
REGOHM’s life can be unlimited, for 
this finger-type regulator, unlike vac- 
uum tubes, can withstand extremes 
of vibration, shock and other ambi- 
ents. Units in the field with contacts 
loaded at 2-3 watts per step are still 
operating after four years. When con- 
tact fingers are conservatively loaded 
at 6-8 watts per step, many thousands 
of hours of life will be obtained. In 
applications where REGOHM contact 
fingers are loaded at 12 watts and one 
ampere, life can be at least 1000 hours. 
Regohm’s Stability Permits 
Simplicity in System Design: 

In electronic or magnetic control sys- 
tems, stability frequently can only be 
achieved by adding anti-hunt net- 
works. REGOHM’s built-in dashpot acts 
as a reliable system stabilizer, elimi- 
nating engineering time and simplify- 
ing the system. 

Maintenance? Simple! 


Should a rEcoHM fail due to external 
circumstances or for any other rea- 
son, replacement can be speedily 
made by unskilled personnel—is sim- 
plified by REGoOHM’s plug-in construc- 
tion. 

Regohm is Compact, Small sized, 
Lightweight, Inexpensive: 

REGOHM and associated equipment re- 
quire but a fraction of the space taken 
up by tubes or magnetic amplifiers. 
With requirements for miniaturiza- 
tion, the design engineer can incorpo- 
rate REGOHM in a system, frequently 


REGOHM 














current and speed control 


improving system performance. 
Regohm is a Versatile Unit: 

In line load regulation, design engi- 
neers find REGOHM a reliable, eco- 
nomic controller. Whether the job is 
regulating filament voltage or light 
intensity ...saturable reactors or ro- 
tating machines...are lamp current 
or over-under relays, REGOHM is with- 
out peer. 

REGOHM is used as a power amplifier 
in precision frequency controllers, 
precision filament voltage regulators, 
dynamotor voltage regulators, light 
intensity regulators and other equip- 
ments. REGOHM’Ss high power gain sim- 
plifies system design and improves 
performance. 

Regohm Gives You 

These Additional Advantages: 
Unlike tubes REGOHM requires no pre- 
heat period: it operates from the word 
“go.” It is faster acting than any other 
finger-type regulator and its shock 
resistance is higher. REGOHM can be 
used in circuits requiring very low 
impedance. 

Design engineers throughout the 
nation have standardized on REGOHM 
to improve system performance. You 
will find it profitable to do the same. 

Contact Electric Regulater Corpo- 
ration, 120 Pearl Street, Norwalk, 
Conn., or your local sales engineer. 
Their know-how in the control field 
will promptly be made available. 


ELECTRIC REGULATOR CORPORATION 


Norwalk, Connecticut TEmple 8-4311 


—— CONTROL COMPONENT IN: Servo systems + battery" 


chargers « airborne controls + portable and station- 
ary generators « marine radar « inverters + locomo- 
tive braking systems + mobile telephones + guided 
missiles + signal and alarm systems «+ telephone 
central station equipment + magnetic clutches « rail- 
road communication systems « magnet amplifiers. 
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Let db design your 


MOTOR SPEED CONTROL 


You can reduce errors and cut costs 
with a Dressen-Barnes design. Quality 
of output is more uniform when the 
control is engineered to your specific 
needs, and matched to associated 
equipment. You can select the optimum 
speed for each phase of operations. 
Or if programming is involved, you can 
control every sequence automatically. 
For example: 





db speed control for 
centrifugal casting table 


—enables a foundry to determine the 





re dela medelaleltivelatMa-tellia-te Me folk elaelella-telt lire! 
castings to record those conditions, and 
duplicate them precisely. This cabinet pro- 
vides automatic faqelatinel| over low speed Told 
pouring over acceleration. rate, high 


speed for spinning, die temperature, cool 





Tate Milul-Melalemeb dite luli elaeL dire ME -tulol-iaehitias 
speeds and timing are all adjustable, and 
can be preset. The technician sets the for- 
mula, presses. a remote-contral footswitch, 
and the cycle runs its course without further 


fobat-sabelelal 





We design both electronic 

and magnetic amplifier types. 

Both are reliable types, with long- 
life components and proved 
durable construction. We'll design 
anything from a simple control to a 
complete system... manufacture 
and install it if advisable. 

licens enn apetneutcemennepencneamneaes ol Write us your requirements. 


| ell designs motor 
| speed controls for: 


| 
| 
|. fractional to 50 hp DC drives | 
le adjustable or proportional | 
| speed—continuously variable | 
le single or multiple pre- | 
| selected speeds | 
| © single or multiple locations | 


Po i a. -1—{}_—{ —» o Oe ofy= a o Rt _] 
DRESSEN-BARNES CORP., 250 N. Vinedo Ave., Pasadena 8, Calif. 


Manufacturers of: Regulated Voltage Power Supplies © Regulated Current Power Supplies 
Motor Speed Controls © Generator Voltage Regulators © Magnetic Amplifier Control Devices 
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MATCH-MAKING transformer 
passes 2 microsec pulses. 


This Epoxy-cast product matches 
impedances of 1,000 ohms to 100 
ohms to pass pulses as short as 2 
microsec with less than 5 per cent 
tilt and overshoot. The GFZ 10-1 has 
a rise time of less than 0.07 microsec 
in a case #3 in. diam. The Gudeman 
Co. of Calif., Inc., 9200 Exposition 
Blvd., Los Angeles 34, Calif. 
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SILICON DIODES are stable 
and efficient. 


Here’s a fine new crew of silicon 
diodes. They pay no heed to heat or 
age. A sharp Zener break makes for 
stable voltages. They are 98 per cent 
efficient. Some mount with screws for 
conduction cooling. Transitron Elec- 
tronic Corp., Melrose 76, Mass. 
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DIODES by the dozen 
for doughty duty. 


Although the advertising claims that 
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NEW PRODUCTS 
CIRCLE THESE NUMBERS 





to get 
NEW BULLETINS 


& CATALOGS 
CIRCLE HERE 





THE NUMBER YOU 
SELECT HERE 


(57) RANGE SERVOS. Servomechanisms 
Inc. This 32-page booklet amuses while it 
instructs. Some mighty colorful cartoons 
tell about the company’s new line of servo 
components for coupling radar to guns. 
Includes lucid function definitions, block 
diagrams, and Petty-girl analogies. 


(58) COMBINATION VALVE, 
oe = FLOW RATE CON- 

. Hays Manufacturing Co. Folder 
No. 215, 12 pp. The innards are de- 


scribed and pages of ce data ta- 
bled on the versatile Friectro Mit valve. 
(59) AIR CYLINDERS. The Bellows 
Co. Bulletin CL-50. Here are 36 hand- 
some pages of bona-fide engineering infor- 
mation on the company’s complete line 
of air actuating devices. Applications are 
detailed particularly well. 


(60) R Fad D — Lear Inc. 
wenty- —with very little 
waste—detail is ton people are, alee 
they work, what they work with, and what 
they can do for you. 


(61) TOTALLY PROTECTED MO.- 
TORS. Reliance Electric and Engineer- 
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ing Co. Exactly 100 positive virtues of 
this new ac. motor line are spelled out in 
this lively 12-page booklet. 


(62) AIR CAPACITORS. Allen D. Card- 
well Co. Capacitor Catalog No. 823. 
Mechanical and electrical specifications on 
the company’s line of air capacitors. 


(63) ENGINEER’S CHECK LIST. B-I-F 
Industries, Inc. B-I-F M-3. If you have 
anything to do with water treatment you'll 
want “this convenient check list on the 
many types of instruments and controls 
you can apply. 


(64) MYLAR DEVELOPMENTS. E. I. 
duPont de Nemours & Co. The second 
edition of a booklet full of application 
know-how for “mylar” polyester film. 
Good information on insulation use in 
control components. 


(65) FLOW CONTROL DATA 
SHEETS. Milton Co. Three new 
one-page application a S ~— describe 
interesting tro systems 
for natural jag lines, cement beneficiation, 
ym processing. No.’s E-54-7, E-54-2, 
E-54-1. 
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(66) RECORDER CHARTS. Technical 
Charts Inc., A 12-page packet that includes 
actual samples of both circular and strip 
charts—from 3 to 12 in. widths and diam- 
eters. 


(67) INDICATING CONTROLLER. 
Fenwal, Inc. A one-page bulletin offering 
characteristics and application data on the 
company’s new low-cost remote bulb in- 
dicating temperature controller. Brochure 
MC-122. 


(68) SIMULATORS. Link Aviation, Inc. 
Four-page folder, that describes the what, 
where, how, and why of aircraft flight 
simulators. 


(69) NEW INSTRUMENT DOSSIER. 
Leeds & Northrup Co. Five fully de- 
tailed data sheets describe the company’s 
new line of “Speedomax” Type H instru- 
ments. They tell which unit to pick for 
varied applications too. 


(70) CENCO NEWS—NO. 80. Central 

Scientific Co. The latest issue of this 

cellent house organ has a fine basic arti 

on the selection of instrument 

to information desired. 
APRIL 1955 
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(71) CHICAGO FOR THE SOCIETIES? 
ASCE, ASME, AIEE, AIMME, ASCE. 
This emphatic 24-page brochure tells why 
the ss societies would benefit 
moving from their present New York head- 
quarters to Chicago. 


(72) AUTOMATION-IN SECTIONS. 
bm — age ny. A 15- booklet 

t descri ¢ company's interesting 
system of dividing machines into sections, 
which permit units shut-downs without 
disturbing full production. 


(73) TEMPERATURE TRANSMIT- 
TER. Moore Products Co. A very under- 
standable functional di this 
seven-page bulletin (No. 3302), which 
exposes all facets of a new null-balance 
thermometer transmitter. 


(74) REGISTRATION CONTROL. Pho- 
toswitch Div., Electronics Corp. of Amer- 
ica. Bulletin PD 551 describes a registra- 
tion control that responds to roll speeds 
from 15 to more than 500 ft per min. 


(75) PNEUMATIC TRANSMITTER. 
Builders-Providence, Inc. Four-page folder 


unveiling the design and application of a 
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new, low-cost tic transmitter for 
rate of flow, loss of head, and liquid level 
measurement. 


(76) INDICATING TEMPERATURE 
CONTROLLER. United Electric Con- 
trols Co. This 6-page brochure (Bulletin 
42) offers engineering data and suggests 
uses for a newly developed temperature 
indicator with electric control. 


(77) POTENTIOMETERS. Computer 
Instruments Co. Four sheets describe nine 
different pots and pot . Dimensions 
and complete characteristics are provided 
in detail. 


(78) PROGRAMONITOR. Counter and 
Control . Bulletin 505, 8 pp. Infor- 
mation on the construction and operation 
of a versatile mechanism for counting shaft 
revolutions or electrical pulses through a 
solenoid, and actuating switch sequences 
accordingly. 


(79) MOTOR CONTROLS. Furnas Elec- 
tric Co. Booklet 5411, 48 Pp. This pocket- 
sized booklet is crammed with information 
on motor control switches, pressure 
switches, magnetic starters, push buttons, 


and foot switches with photographs. 


(80) VIBRATING REED AMPLIFIER. 
Applied Physics Corp. Bulletin P45 deals 
with the operation of an amplifier for very 
weak de currents, as found with mass spec- 
trometers, insulator, semi-conductor, pho- 
to-electric, and similar research. 


(81) CONNECTORS. Cannon Electric 
Co. DP9 Bulletin 64 pp. A thick, lux- 
urious sort of catalog of panel, rack, and 
chassis-type plugs. is takes in every- 
thing from the sub-miniatures on up. 


(82) CONSTANT FLOW VALVE. As 
kania Regulator Co. Form 1-89, 2 pp. 
Data ate performance and applications 
of a flow valve accurate to 1 per cent with 
rates of up to 700 gallons per hour despite 
pressure fluctuations. 


(83) JET PIPE PNEUMATIC RELAY. 
Askania Regulator Co. Form 1-88, 2 pp. 
Not only this device position a hy- 
draulic cylinder proportional to a 3-to-15- 
psi pneumatic signal, but it transmits a 
pneumatic piston-position feedback signal. 


(84) HYDRAULIC CONTROL MANI- 
FOLDS. Almo Tool Co. A 4-page folder 
describing a method of laminating metal 
lates with slots to obtain complicated 
fiydraulic circuits in a strong, compact 
assembly. 


(85) OSCILLOGRAPH. Offner Electron- 
ics Inc. Eight-page catalog talks about a 
rack-sized direct-writing oscillograph with 
frequency response up to 70 cps. 


(86) SERVOS. Servo-Tek. Cat. No. 14, 
36 pp. A complete line of servomotors, 
motor tachometers, synchros, and special 
transformers for use with grid-controlled 
rectifiers. 


(87) VERTICAL MOTORS. U. S. Elec- 
trical Motors, Inc. Bulletin No. 1868 de- 
scribes solid-shaft vertical-mounting motors 
from } to 400 hp. Single phase types from 
2 to 74 hp also are marketed. 


(88) INSTRUMENTS, MOTORS, AND 
CONTROLLERS. AEG, Frankfurt. Gen- 
eral catalog, 91 pp. A complete line of 
motors, motor controllers, voltmeters, re- 
cording voltmeters, etc. 


(89) V-DRIVES. Browning Mfg. Co. 
Bulletin 2098, 4 pp. Describes a multiple 
V-belt moulded into a single unit. Said to 
combine the advantages of both V-belts 
and flat belts. 


(90) PRECISION FACILITIES. Avien. 
Sixteen-page bulletin of facilities available 
for precision military or civilian instrument 
manufacturing and assembly. 


(91) GROOVE GAGE. Mueller Labora- 
tory. Folder, 6 pp., describing pistol-grip 
gage for measuring “O” ring and snap 
ring grooves. Measurement range is from 
0.187 to 2.250 in. 


(2) RESISTOR WINDER. Geo. Stevens 
fg. Co., Inc. Three-page specification 
sheet for bobbin and resistor winder. 
Coils of up to 4 in. diam and 15 in. long 
are acceptable. 





NEW PRODUCTS 


these diodes increase the practicability 
of guided missiles, we feel that they 
may nevertheless be put to other uses. 
Silicon being the magic substance in 
the, temperatures of up to 200 deg C 
make no matter. With a 2 v forward 
drop, and a 100- to 500-milliamp rat- 
ing, voltages of from 50 to 500 are 
held up. Bogue Electric Mfg. Co., 
Paterson, N. J. 


Circle No. §Q on reply card 


POWER SUPPLY offers 
wide voltage range. 


This power supply provides a range 
of 0 to 300 v while delivering 0 to 75 
milliamp. Held stable to 0.1 v for 
both line fluctuations and load varia- 
tions, it provides also a filament supply 
of 6.3 v at 10 amp, center tapped. 
Really two de supplies with individu- 
ally-adjustable ranges through 0 to 
150 v, with a ripple of less than 3 
milliv, the 300 v tops can be had by 
putting both supplies in series. Kepco 
Laboratories, 131-38 Sanford Ave., 
Flushing 55, N. Y. 

Circle No. 51 on reply card 


an ALARMING error 


We must have been seeing blinking 
lights when we wrote item No. 38 in 
March New Products. First off, there 
are no cards in Panalarm’s new an- 
nunciator. The warning shows up on 
an illuminated plastic nameplate. Sec- 
ond, the light doesn’t continue to flash 
after the operator presses the button 
—it becomes steady until the condi- 
tion is corrected. Third, we went and 
misspelled Panalarm in the address. 
Three strikes and we could be out. 


PREVIEW of the “DIVIAC” 


We got news of this hot new item just 
a bit too late for this month’s New 
Products Section. Its a device which 
its meker—Feedback Controls, Inc. 
Alexandria, Va.—claims will ‘‘auto- 
matically perform the functions of a 
Kelvin-Varley circuit’’. It looks like a 
pot, but has absolute zero based lin- 
earity and may be well worth a letter 
to the maker before our May issue. 


Automatically prints 
a permanent record of 
all plant operations 


Taller & Cooper’s compact (48”x24”x15”) 
AUTOLOG automatically supervises up 
to 50 trouble points . . . records the occur- 
ance of trouble points, as well as return- 
to-normal of trouble conditions! 

e@ Annunciates each change of condition 
with a visual and audible signal @ Com- 
pletely automatic— requires no operat- 
ing personnel @ Delivers a complete 
status report of all conditions it monitors 
@ Simple to install alone or in conjune- 
tion with existing systems. 

For a complete record of time of occur- 
ance of each trouble condition, and re- 
turn-to-normal—use AUTOLOG 


Write today for Bulletin No. 102 on Autolog. 


_ 


\. TALLER & COOPER, INC. 9 @&= d=", 
Vere: ENGINEERS * MANUFACTURERS Halll Lay 
BROOKLYN 1,N.Y. = © es DD 
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75 FRONT ST. 


CONTROL EQUIPMENT & SYSTEMS. * DIGITAL COMPUTERS. 
TOLL COLLECTION SYSTEMS. * WIND TUNNEL INSTRUMENTATION. 
SPECIAL PURPOSE PRINTERS & INSTRUMENTATION. 
CHEMICAL ANALYZERS & CONTROL EQUIPMENT 
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Precision 
UNNC -WOw 


Potentiometers 


“Lo-TORK” POT 


For minimum-torque uses in com- 
puter, servo, and_ selsyn service. 
Stainless-steel precision ball bearings. 
Minimum torque is 0.01 inch-ounce. 
Dissipates one watt at 80°C. Resist- 
ances — 100 to 100,000 ohms. Weight 
is only 4% ounce. Ganging to six 
decks; internal clamps hold %” 
diameter. Standard linearity 0.5%; on 
special order 0.25%; toroidal wind- 
ing allows winding angles to 360°; 
standard 354°. 


AP 1-1/8 


RT/RTS 7/8 


MICRO-MINIATURE and MINIATURE 
Series AP /z2—2 watts continuous 
at 80°C; resistances 10 to 20,000 
ohms, 5% tolerance standard; diam- 
eter 42”, depth %”, weight “4 ounce; 
sealed well enough for potting. 
Series RT/RTS % —3 watts continu- 
ous at 80°C; resistances 10 to 100,000 
ohms; diameter %”, depth %”, 
weight 2 oz.; standard linearity 3%. 
Series AP 1%e—4 watts continuous 
at 80°C; resistances 10 to 150,000 
ohms; diameter 14%”, depth %2”, wt. 
less than %4 oz.; standard linearity 2%. 

All precision-machined, with 
anodized aluminum bodies, _ line- 
reamed phosphor bronze bearings, 
centerless-ground stainless steel shafts, 
and gold-plated fork terminals. Fully 
sealed and fungus-proofed. Can be 
processed, on special order for use 
at 125°C. Aerohm potentiometers are 
individually checked for quality and 
performance. 








Write today for de- 
tailed information 
and prices 











WATERS MANUFACTURING, inc. 
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wHaT’s NEW ABSTRACTS 


Sure Cure for Jitters 


From “Jitter in Instrument Servos,” 

by R. L. Hovious, Goodyear Air- 

craft Corp., Akron, Ohio. “Applica- 
tions and industry,” (AIEE), Janu- 
ary 1955 


Jitter is unwanted noise of a pre- 
dominantly oscillatory nature. It can 
be wide-band, or it can contain only 
one or two frequencies. Mathematical 
analysis by itself can be inconclusive 
and misleading, because jitter has 
many origins and takes many forms. 


that will eliminate jitter, expressing 
the effects of granular or quantizing 
elements mathematically and proving 
the validity of these equations. ‘The 
principles were used to modify a com- 
mercial servo with remarkable results. 

Conditionally stable systems were 
not studied. 

The most important system-gener- 
ated noise was caused by the static de 
unbalance between the tubes in the 
push-pull output stage of the servo 
amplifier. This noise signal flowed 
through the two-phase motor control 
winding. Interaction with the 60-cps 
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Output noise in servomechanism after modifications 


. Output noise in servomechanism before modifications 


Analysis by analog computer simula- 
tion along with analytical methods, 
however, permits successful investiga- 
tion. 

The methods used in this study in- 
cluded: 
> Simulation of a suppressed-carrier 
servo, including the important non- 
linearities and noises. 
> Application of the describing func- 
tion technique to supplement and 
guide the analog computer simulation. 
> Measurements made on a specific 
servomechanism. 

The paper describes the results of 
the study, not the techniques used. It 
identifies some unreported causes of 
jitter, and the jittercausing non- 
linearities that can be eliminated. The 
paper also establishes some relations 
between unavoidable non-linearities 


reference winding voltage produced a 
strong 60-cycle torque which produced 
a 60-cycle servo output voltage at zero- 
signal input. The motor and gear in- 
ertia and viscous friction were not suf- 
ficient to damp out all this torque. 

Also studied and reported upon 
were the effects of granularity, such 
as the step-shaped output caused by 
the finite resolution of wire-wound 
potentiometers. Other causes of jitters 
include: gear backlash, and the effects 
of coulomb friction; wiper-arm contact 
noises; amplifier pickup noise; and 
vibrator, or chopper, noise. The reme- 
dies or palliatives are indicated for all 
of these common ailments. 

The wiper-arm contact noises men- 
tioned are due to varying contact re- 
sistance from wire to wire, and to 
bouncing at high wiper-arm speeds. 





For Multiplying Voltages 


From “Two New Electronic Analog 
Multipliers,” by Maurice A. Meyer 
and Harrison W. Fuller, Laboratory 
for Electronics, Inc. “Review of 
Scientific Instruments,” December 
1954 
['wo four-quadrant, all-electronic 
multipliers are described that are be- 
lieved to be new methods of multiply- 
ing two time functions. Both multi- 
pliers use balanced modulators as basic 
circuit elements in similar interconnec- 
tions and auxiliary circuits, although 
the operating principles of the two cir- 
cuits are quite distinct. 

The first described is a modified 
double-amplitude modulation scheme 
using two fixed and different carrier 
frequencies, which lends itself easily 
to a high degree of stabilization. The 
test multiplier has a frequency response 
from de to 30 ke for either input. 
Maximum error is plus or minus 0.5 
per cent of full scale at full-scale out- 
put, and plus or minus ’0.2 per cent of 
full scale at one-tenth of ‘full-scale out- 
put. The de drift stability is plus or 
minus 0.15 per cent of full scale, and 
the scale factor stability is plus or 
minus 1 per cent of full scale over a 
period of several hours. 

The second multiplier is a successive 
amplitude-modulation and phase-mod- 
ulation scheme requiring only a single 
fixed-frequency carrier, but it is not so 
easily de-stabilized as the first. The 
performance of this second multiplier 
is, in general, inferior to the first. 

The article describes a diode-bridge 
balanced modulator necessary for both 
designs, as well as the theory of opera- 
tion of the multipliers and the possi- 
ble sources of error. 


A Simpler Sampler 


From “Proportional Liquid Sam- 
pler,” by John M. Ruddy, Architec- 
tural Planning Division, Brookhaven 
National Laboratory, Upton, N. Y. 
“Nucleonics,” February 1955 


An extremely simple float-actuated 
sample dipper was designed and in- 
stalled in a self-syphoning tank on the 
effluent line of a chemical laboratory 
hot cell. The sampler is a 100-ce dip- 
per on one end of a hollow line with a 
float on the opposite and heavier side. 

As the tank fills, the float rises, 
pushing the dipper under the surface 
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. how would you like 
to put all these talents to 
work in one place as an 
editor of CONTROL EN- 


GINEERING? 
If you do any of these — 


and you appreciate the 
others — we want to hear 
from you. 


If you want to keep ahead of the broad control front and 
have a flair and desire to report what you see and learn, 
send your professional resume to The Editor of this magazine. 
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ain CURTIS 


Terminal Blocks 


| Make Better Connections Typ e we ¢ D M’ , 


Economically— 


Quickly. Bloc ks 

for ish poaleOe Designed for 
: General Purpose 

Applications 


Factory Assembled 1 to 50 Terminals 


An ideal terminal block where con- 

venient, systematic wiring is desired 
Write for Bulletin and many terminals needed. The Curtis 
DS-116. “CDM” will do much to eliminate waste 
‘Alse:esk about space and save time in wiring. A white 
withes epleciine cet marker strip is provided for circuit 
other Curtis Biscks identification. Conservatively rated at 
30 amps. Recommended for use where 
temperatures do not exceed 150° F. 


CURT/S vivetopment & MFG. CO. 


3258 North 33rd Street, Milwaukee 16, Wisconsin 


available. 








HIGH SPEED 
DIGITAL 
RECORDING 


WITH THE 


POTTER * 
DIGITAL 
MAGNETIC 
TAPE 
HANDLER 


Designed specifically for digital recording, the Potter 
Model 902 Digital Magnetic Tape Handlers feature inter- 
mittent drive with start-stop time of 5 milliseconds. All 
models are dual speed, making it possible to record at one 
speed and play back at another. Tape speeds of 15, 30, 
and 60 inches per second and 2, 6, or 8 recording channels 
are available in the standard models. 

Other versions include different tape speeds, additional 
channels, and provision for photoelectrical reading of per- 
forated tape. All economically priced. 


For additional information on high-speed 
Digital Recording, write or call. 


2 POTTER INSTRUMENT COMPANY, INC 


115 Cutter Mill Road - Great Neck, N. Y. 
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ABSTRACTS _ 


and filling it. The tank self-syphons 
upon filling, and the heavier float end 
raises the dipper discharging the col- 
lected sample through the hollow shaft 
and hollow arm to a sampling con- 
tainer for analysis. 

This sampler is accurate to plus or 
minus 5 per cent for effluent flows be- 
tween 0 and 10 gal per min. It is 
completely self-powered, foolproof, 
and has a very low (under $200) ini- 
tial installation cost. 


Rasing the Boundaries 


From ‘‘Single-Crystal Germanium,” 
by H. E. Bridgers, Bell Telephone 
Laboratories, ‘Bell Laboratories 
Record,” February 1955 


Germanium used in the first crystal 
rectifiers and transistors was poly- 
crystalline. Each small crystal in a 
polycrystalline material is a regular 
array of atoms. Although the pattern 
is identical in each crystal, the relative 
orientations are different. For this 
reason, the pattern does not match 
where two crystals join, and a grain 
boundary results. 

These grain boundaries seriously 
affect the electrical properties of the 
material. Their presence was one 
cause of the erratic behavior of the 
galena crystals used in early radio de- 
tection. Germanium and silicon recti- 
fiers have been mass-produced from 
material from which these grain boun- 
daries had not been totally eliminated. 
But reliable operation of the transistor 
made it imperative to get large single 
crystals of germanium. 

Large single crystals were first grown 
by Gordon K. Teal (now director of 
research for Texas Instruments, Inc.) 
and his associates in the chemical 
physics department. Zone-purified 
germanium is melted (about 1,700 deg. 
F) by RF induction heating in a car- 
bon crucible. The crucible is enclosed 
in a quartz tube that confines a flow 
of hydrogen gas. 

The hydrogen provides an inert at- 
mosphere and serves also as a cooling 
medium. Rapid temperature control 
requires adequate cooling plus readily 
available power. 

A small single-crystal “seed” of 
germanium, supported by a shaft that 
extends into the system, dips into the 
melt. As the shaft is slowly withdrawn 
the seed grows in diameter, and a large 
single crystal is produced. The crystal 
grows at the interface between crystal 





and melt. Crystal diameter depends 
on the crucible temperature and the 
rate of withdrawal. 


Shades of Shannon 


From “The Significance of Informa- 
tion Theory to Communication Sys- 
tems,” By R. F. Rous and R. F. B. 
Speed, Research Laboratories of the 
General Electric Co. Ltd., Wem- 
bley, England. “Communications 
and Electronics,” February 1955, 
London. 


One of the most important practical 
uses of information theory to-date has 
been investigation of the relative efh- 
ciency of the many known methods of 
information transmission. Also im- 
portant, it can suggest reasons for the 
shortcomings of some systems and, 
hence, possible ways to improve them. 

This is a well-written, non-mathe- 
matical exposé of information theory: 
what it is, and its contributions to our 
understanding of transmission systems. 
The article reflects some of the en- 
lightenment shed by the theory on such 
subjects as the efficient use of channel 
space and the power required for in- 
formation transmission. Bandwidth 
requirements, pulse and pulse-code 
modulation, and signal and noise sepa- 
ration are some other items reviewed 
in the new light. 

The authors, rather than speculate 
on the possibilities, choose to conclude 
by remarking on some of the tenden- 
cles in present-day transmission sys- 
tems. The trends toward higher and 
higher carrier frequencies, where band- 
with requirements impose less of a 
problem, is balanced by the disadvan- 
tage that reception is reliable only 
over relatively short distances. 

Improved components have made 
possible transmission of 1,800 chan- 
nels in an 8-megacycle bandwidth on a 
single coaxial cable. 

Information theory may offer more 
help as engineers try it further. 


FEEDBACK FACT 


Posed: Feedback control for the hasty 
or hesitant orator. 


Solved: As the speech unrolls below the 
orator in his lectern, a palm-held control, 
in this Tele Q Corp system, synchronizes 
its unfurling with verbal velocity. 
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@ MAGNETIC PRE-AMP + 
SATURABLE TRANSFORMERS 
Supply: 115 volt 400 cps. 
Power output: 3.5, 6, 10, 18 watts 
Sensitivity: 1 volt AC 
Response Time: .03 sec. 
Lowest Cost — Smallest Size 
For further information requef#t Form $493 


@ MAGNETIC PRE-AMP + 

HIGH GAIN MAGNETIC AMPLIFIER 
Supply: 115 volt 400 cps. 
Power output: 5, 10, 15, 20 watts 
Sensitivity: .1 volt AC 
Response Time: .008 to .1 sec. 
Highest performance — All magnetic 
For further information request Form $496 


@ TRANSI-MAG*: TRANSISTOR + 
HIGH GAIN MAGNETIC AMPLIFIER 
Supply: 115 volt 400 or 60 cps. 
Power output: 2, 5, 10, 15, 20 watts 
Sensitivity: .08 voli AC into 10,000 ohms 
Response Time: .01 sec. 
Fast response at high gain 
For further information request Form $499 
(400 cps.); Form $497 (60 cps.) 
*TRADE NAME 


AFFILIATE OF ™~;, MAGNETIC 
ri cent My AMPLIFIERS - INC 
































STANDARDIZED 
SERVO SYSTEMS 
AND OTHER 
STANDARD TYPES 
FOR AUTOMATIC 
CONTROL — 


In addition to new 
lines illustrated, 
many standard and 
higher power mag- 
netic amplifiers are 
available for appli- 
cations involving 
automatic control. 


CUSTOM DESIGNS 


FOR SPECIAL 
REQUIREMENTS 


— we design 
and engineer 
complete servo 
or automatic 
control systems 


CORPORATION Telephone: CYpress 2-6610 
632 TINTON AVE., NEW YORK 55,N. Y. 
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ELEMENTS OF SERVO- 
MECHANISM THEORY 
Just Published! 


A basic coverage of the elements of feedback control 

theory and normal methods of applying them. Em 

phasizes frequency response methods, and covers 

single loop systems with sufficient material on mul- 

tiloop systems to introduce the problems involved 

and approach to solutions. By George J. Thaler, 
Assoc. Prof. of Elec. Engr., U. S. 
Naval Postgraduate School. 300 pp., 
180 illus., $7.50 


ENGINEERING 
CYBERNETICS 
Just Published! 


Organizes the scientific principles of 
control into an orderly system, in ef 
fect establishing a new branch of enzi 
neering science, Engineering Cyber- 
netics. Affords a new approach to the 
whole field, from conventional servo- 
mechanisms to very complex controlled 
and guided systems. By H. S. Tsien, Daniel and 
Flerence Guggenheim Jet Propulsion Center, Calif. 
Inst. of Tech. 375 pp., 153 illus., $6.50 


CONTROL-SYSTEM 
DYNAMICS 


D trates techniq for determining response 
of linear control systems, emphasizing new Root 
Locus Method invented and developed by the autnor 
which is particularly useful for complicated systems 
or those requiring complete solution. Method de- 
velops from basic fundamentals, stressing physical 
understanding of the problem rather than memor 
ized routines for solving particular problems. Each 
solution establishes a concept which permits a sim- 
pler technique to be applied to the next more com- 
plicated problem. By W. R. Evans, Systems Group 
Leader, Electromechanical Eng. Dept., North Amer- 
ican Aviation, Inc. 380 pp., 140 illus., $7.00 


ELECTRONIC 
MEASUREMENTS 


Covers measurement fundamentals in many fields 
beyond conventional radio, including television, ra- 
dar, and other pulsed systems, microwave tech- 
niques, and techniques of value to engineers in 
other areas who use electronics in their instru 
mentation. Treats circuit constants and lumped cir- 
cuits; wave-form, phase, and time interval meas- 
urements; receiver and antenna measurements; gen- 
erators of special wave-forms; attenuators and sig 
nal generators, etc. By F. E. Terman, Dean, School 
of Eng., and J. M. Pettit, Assoc. Prof. of Elec. 
Eng. Stanford Univ. 2nd Ed., 683 pp., 450 illus., 
$10.00 
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McGraw-Hill Book Co., Dept. CON-4 
330 W. 42 St., NYC 36 


Send me (book(s) checked below for 10 days’ exam- 
ination on approval. 
boak(s) I keep, plus few cents for delivery costs, 
and return unwanted book(s) postpaid. 
delivery costs if you remit with this coupon—same 
return privilege. ) 


In 10 days I will remit for 
(We pay 
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,' 
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Evans—Control-System Dyn. 


.00 
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For price and terms outside U. 8. 
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| | NEW BOOKS 


For the Man First 





HuMAN ENGINEERING GUIDE FOR 
EguipMENT Desicners. Wesley E. 
Woodson, U. S. Navy Electronics | 
Laboratory, San Diego, 8 by 104 
in., 245 pp. Published by Univer- 
sity of California Press, Berkeley 4, 
Calif. $3.50. 


“Equipment” in this case can mean 
anything from a radar console to a | 
typing table, from a hand-hole to a 
passageway, from the best switch-han- | 
dle to normal-indication pointer posi- 
tions for multiple instrument com- 
binations. 

Even if the only “equipment” you 
ever design are some shelves in your 
basement, this book is worth its price 
for the pains in the neck it will save 
you. For the engineer, it is an invalu- 
able compilation of facts and figures 
on the measurements, abilities and 
limitations of the human body. 

Although control engineers are striv- 
ing to free the man from systems, he 
is still very much a part of most of | 
them. He is human; engineers should 
be humane. | 

The successful design of equipment | 
for human use requires consideration 
of some basic human characteristics. 
Sensory capacities, mobility and mus- 
cle strength, intellectual abilities, com- 
mon skills and capacity for learning 
new skills, capacity for team or group 
effort, and body dimensions—all are 
important characteristics. And the ef- 
fects of working environment on hu- 
man performance may be important. 

The volume relies as much on illus- 
tration as on text, and is illumined 
with a great number of line drawings, 
which are often as amusing as they 
are enlightening. 

The book has five major segments, 
titled: “Design of Equipment and 

| Workspace”, “Vision”; “Audition” 

| “Body Measurement”; and “Other 
Factors”. An indication of thorough- 
ness may be had by breakdown of the 
chapter on vision. Some of the items 
covered include: structure of the eve; 

| functions of the eye, light accommo- 
dation, convergence, saccadic move- 
ment, visual field, characteristics of 
rods and cones, intensity relationships, 
acuity, other features of seeing like 
summation and interaction, stereos- 
copy, single and double images, ap- 
parent motion, optical illusions, after- 
images, factors that make seeing easier, 

| color, its sensitivity zones, formation, | 

| trichromatic system, aesthetics 

| color, color abnormalities, and aie | 
































TRIC CO., INC. 
Quality Relays Since 1928 
35-18 37th St., Long Island City 1, N. Y. 


. thin, mat-like pressure switches that close 
Circuits whenever pressure is applied to any 
point in their area; open circ uits when pre ssure 
is released. Widely used as‘“‘area switches” on 
floors and platforms for automatic door open- 
ers, alarm systems, traffic controls etc. Used 
around machinery for foot switches, safety 
stations and emergency cut-outs. Available in 
any size, shape or quantity, for integral, built- 
in parts of mechanisms, devices and systems. 
@ Operate at pressures from few ounces up, 
on low voltage, directly connected or through 
relays. Hermetically sealed between sheets of 
wear, acid and oil resistant vinyl plastic. 
Standard units, or to your specifications. 
Technical service supplied; just send us your 
switch problems. 


Catalog Sheet CS52 describing Recora Switches 
and control accessories sent upon request. 


*RECORA Co. 


56 W. 103RD STREET - CHICAGO 28, ILLINOIS 








physical relationships. All this is fol- 
lowed by a reference list of nineteen 
important works on various aspects of 
human vision. 

The “Other Factors” chapter, if 
you are wondering, includes things like 
taste, smell, hunger, and thirst. Neuron 
excitation, reflex activity, reaction 
time, motor performance on specific 
tasks, and principles of motion econ- 
omy are also covered. Body sway, 
perception of vertical, and absence of 
gravity are discussed. 

All these things give only an inkling 
of the thoroughness of this handbook 
on human characteristics. 


Toward Tubeless Electronics 


TRANSISTORS: THEORY AND APPLI- 
cations. Abraham Coblenz, Tran- 
sistor Products, Inc., and Harry L. 
Owens, Signal Corps Engineering 
Laboratories, 6 by 9 in., 313 : 
Published by McGraw-Hill Book 
Company, Inc., 330 W. 42d Street, 
New York 36, N. Y. $6.00. 


Transistor theory in simple language 
was apparently the aim of the authors, 
And they have succeeded. The mathe- 
matical theory is uncovered only after 
a good intuitive foundation has been 
laid—and then its intention is the 
practical application of transistors. 

This book is essentially the eleven 
articles published in “Electronics” 
magazine from March, 1953, until 
January, 1954. These articles, ex- 
panded and revised, form eleven chap- 
ters of the book, which opens with a 
short history of transistors. 

Three new chapters have been 
added. These deal particularly with 
manufacturing processes, silicon tran- 
sistors, and a variety of special topics, 
such as the uni-polar field-effect tran- 
sistor, and photoelectric effects. 

Chapter titles based on the “Elec- 
tronics” series are indicative of con- 
tent: “Holes and the Transistor;” “A 
Glimpse of Quantum Mechanics;” 
“The Electron;” “Nature of Semicon- 
ductors;” “Point Contact Transistors;” 
“Junction Transistors;” “Electronics of 
Transistors;” “‘Small-Signal Parame- 
ters;” “Grounded Emitter and 
Grounded Collector Connections;” 
“Theory of Transistor Switching Cir- 
cuits;” and “Cascading of Transistors”. 

Transistors are already finding their 
way into some control systems, and 
will unquestionably prove the answer 
for some of the problems now “im- 
possible” to solve. If you want to learn 
about transistors and their possibili- 





Get this 
Valuable Guide to 
PUSH-PULL REMOTE 
CONTROLS 


40-page 
Illustrated 
Remote Control 
Catalog 


Here is a valuable 

technical guide that can 

give you important background = 
information toward solving your remote control 
problems. The various basic flexible and rigid con- 
trol combinations, locking devices, fittings, etc., are 
shown together with information on the custom 
manufacturing of controls to your specifications. 


Write Today 


ARENS controts, inc. 


2027 Greenleaf Street, Evanston, Illinois 





If it’s a pressure gauge or dial ther- 
mometer, Marsh makes it ... and makes 
it better. The types, ranges and case styles 
are endless. What is “special” to other 
instrument makers is often standard to 
Marsh. To know the scope of Marsh 
instruments— 


Write for 
this 
fact-filled 
catalog 


MARSH INSTRUMENT CO., 
Sales affiliate of Jas. P. Marsh Corporation, 
Dept. Y Skokie, Ill. Export Dept., 3501 Howard St., Skokie, III. 
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SP ee a NEW BOOKS _ 
Write today for your free : osetia 


copy of this Technical Paper. 


ties, there is probably no easier way 
than this book. It goes far enough 
for most people, too. 


; . AC From the Beginning 
Comp uting with 4 ALTERNATING-CURRENT AND TRAN- 
j i : sieNT Circuit Anatysis. Harris A. 
Servo-Driven Potentiometers : Thompson, Associate Professor of 
Electrical Engineering, University of 
a Colorado, 6 by 9 in., 317 pp. Pub- 
BY F. R. BRADLEY & R. D. MCCOY lished by McGraw-Hill Book Com- 
: pany, Inc., 330 W. 42d Street, New 

York 36, N. Y. $6.75 


Here is a new undergraduate text in- 

4 troducing the fundamentals of steady- 

Reprinted from TELE-TECH & ELECTRONIC INDUSTRIES a state ac circuit analysis and transient 
analysis. 

@ Transient analysis development is 

a, OR the typical introduction to classical 


: methods. The chapter on transient 
He e 3 analysis is placed toward the end of 


Reeves Instrument Corp. 








the undergraduate curriculum. 








) 3 Topics covered include: elementary 
LZ 5 circuit theory; definitions; complex al- 
Helipot Corporation / South nee hist gebra and phasors; current, voltage, 
“q power, and energy relations; use of 

phasors in steady-state analysis; special 

aids in circuit analysis, such as super- 
position, constant-voltage, and con- 
— _ stant-current sources, etc.; three-phase 
L circuit analysis; non-sinusoidal periodic 
1Q UID LEVEL and waves (and Fourier series); classical 
transient analysis; and a short introduc- 


INDUSTRIAL CONTROLS | tion to electromechanical analogs. 
oa | 


itive! n ! - f “ 
a ONO floats! No r a Control Compiled 
moving parts in liquid. Un- ; 711. 
affected by acids, caustics, : 2 i AUTOMATIC CONTROL BIBLIOGRA- 
pressures or temperatures. a - ' pHy. Warren F. Wade, graduate 
Induction relays, magnetic ¢ 4 ‘| student, MIT, and Emory N. Kem- 
contactors and starters. ia ; ler, professor of mechanical engi- 
Special control panels. ; : neering, University of Minnesota, 
64 by 84 in., 331 pp. Published by 
Summary Reports, P. O. Box 176, 
Spring Park, Minn. 


a division of BECKMAN INSTRUMENTS, INC. 





The authors of this book have done 
a commendable job of summarizing 
the important American and English 
works on control written since 1900. 
The short abstracts appended to 
the listings are a great help. These 
abstracts do not evaluate the articles, 
but do convey the content properly 
where the article title fails to do so. 
This bibliography of 1,623 articles 
WRITE FOR COMPLETE CATALOG is arranged alphabetically by authors, 
and alphabetically by magazines for 


. B/W CONTROLLER CORPORATION those articles where no author was 


shown on the original. 
2200 CE E. MAPLE ROAD BIRMINGHAM, MICH The bibliography is not completely 


classified because of the overlapping 
FIRST IN THE FLOATLESS CONTROL FIELD of subject matter in the various fields 
of application. 
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| wHar's AHEAD: MEETINGS 


MARCH 


Institute of Radio Engineers, National 
Convention, Waldorf-Astoria and 
Kingsbridge Armory, New York, 
N. Y. Mar. 21-24 

American Institute of Electrical Engi- 
neers, Materials Handling Confer- 
ence, Hotel Cleveland, Cleveland, 
Ohio. Mar. 28-29 

American Society of Metals, Ninth 
Western Metal Congress and Ex- 
position, Ambassador Hotel and 
Pan American Auditorium, Los 
Angeles, Calif. Mar. 28-Apr. 1 


APRIL 
American Institute of Electrical Engi- 
neers, Southern District Meeting, 
St. Petersburg, Fla. Apr. 13-15 
American Society of Mechanical En- 
gineers, Diamond Jubilee Spring 
Meeting, Lord Baltimore Hotel, 
Baltimore, Md. Apr. 18-22 
Society of Automotive Engineers, 
Golden Anniversary Aeronautic 
Meeting, Aeronautics Production 
Forum, and Aircraft Engineering 
Display, Hotel Statler and Hotel 
McAlpin, New York, N. Y. 
Apr. 18-21 
Scientific Apparatus Makers Associa- 
tion, 37th annual meeting, The 
Greenbrier, White Sulphur Springs, 
W. Va. Apr. 24-28 


MAY 


American Institute of Electrical En- 
gineers, Middle Eastern District 
Meeting, Columbus, Ohio. May 4-6 

American Institute of Electrical En- 
gineers, Electric Heating Confer- 
ence. LaSalle Hotel, Chicago, III. 

May 10-11 

Engineering Symposium — Michigan 
State College, “Automation-Engi- 
neering for Tomorrow,” Michigan 
State College, East Lansing, Mich. 

May 12-14 

American Institute of Electrical En- 
gineers, National Telemetering Con- 
ference, Hotel Morrison, Chicago, 
Ill. May 18-20 


JUNE 


Human Engineering Institute, Course 
in Human Engineering, Dunlap 
and Associates, Inc., Stamford, 
Conn. June 6-10 

American Institute of Electrical En- 
gineers, Summer General Meeting, 
New Ocean House, Swampscott, 
Mass. June 27-July 1 


For 

after 
Shutdown 
| protection... 


AGASTAT 


TIME DELAY RELAY 
Allows operation of auxiliary protective devices* after operating cycle 
is stopped. Easily installed in any electrical line. 
The AGASTAT is — 


¢ light, versatile, dependable. 








instantaneous recycling. 

unaffected by voltage variations. 

adjustable in timing from 0.1 second to more than 10 minutes. 
available in models that offer delays on energizing and de- 


energizing, two step delays, manually-actuated time delay 
switch, remote push button control. 


*WRITE for new 4-page application folder describing how one large 
company solved its after-operating problem. Address Dept. A21-420. 


Elastic Stop Nut Corporation 
of America 





DIVISION 1027 Newark Avenue, Elizabeth, New Jersey 


Pioneers in pneumatic timing. 


o7-~ yr WHY PAY FOR FLOW 
< @))) STRANGULATION? _ 


~ 





Ay 


— 
AN 
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Builders Dall Flow Tube 
reduces meter head loss 
where it counts ... . 

at the pipe line! 


Here’s what you can gain by replacing orifice plates with Dall 
Flow Tubes in your pipe lines: You reduce pumping costs. You avoid 
the expense of purchasing over-sized pumping equipment. You gain 
adequate process flows without building new and costly piping 
layouts. With it, you obtain top repeatability and long life. 

Builders Dall Flow Tube gives maximum pressure recovery — more 
than any other velocity increasing flow tube. It’s compact and eco- 


nomical, too. For complete details, write for Bulletin 115-L1. Builders- 
(3) Providence, Inc., 528 Harris Avenue, Providence 1, Rhode Island. 
BUILDERS-PROVIDENCE 


DIVISION OF B-I-F INDUSTRIES, INC. METERS 


BUILOERS IRON FOUNDRY © PROPORTIONEERS, INC. © OMEGA MACHINE CO, BIF) FEEDERS 
CONTROLS 
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PROFESSIONAL 
SERVICES 


© DESIGN 
RESEARCH © PATENTS 


THIS IS AIR ARM — AC 
MANAGEMENT ‘ SERVICES 
ECONOMIC STUDIES 
INSTRUMENTATION 

CONTROL SYSTEMS 


electronic engineers: 











JOSEPH C. ADAMS 


CONSULTING ENGINEER 

Specialist in correlating experimenta lata with 
practical design, on a sound basis of theoretical 
principles of electrical and mechanical engineering 
of servo-electric mechanical control syste includ 
ing both analogue and digital 


178 Hicks Street, Brookly 








ROGER BARRETT BROSS 


Consulting Engineer 
SPECIAL ELECTRIC MOTORS 
ELECTROMAGNETIC COMPONENTS 
Design - Development - Manufacture 
Testing - Application 
25 Curtis Rd OL 3-9235 
Box 157, Natick, Mass 





Outlined area shows addition to Air Arm's multi-million dollar facility. 





HANSON-GORRILL-BRIAN INC. 
Specialized Control Systems 


ELECTRICAL - ELECTRONIC 
HYDRAULIC - MECHANICAL 
One Continental Hill Glen Cove, N. Y. 
Glen Cove 4-7300 








INTERFERENCE MEASUREMENT 


This is Air Arm .. . leader in electronic development LABORATORY 


for America’s Air superiority. Consulting—Research—Development 
Interference Study per Government Specifications 


° ° ° ° | Shielded Space for Interference Investigation 
Air Arm... where creative engineering offers oar oy ol scomameng-—- Tearegg 


unlimited opportunities to experienced engineers. 907 Hast 51st was ie a lyn 3, New York 
ngersoll 9-1765 





Can you fill a top-level design and development 


position? You will find a stimulating and satisfying SVERDRUP & PARCEL. INC 
atmosphere at Air Arm. You will work in professional Consaliing Easineers 


and friendly surroundings. You will enjoy the ees Se Sees Suis 
os - Systems analysis and design of automatic controls 
spacious, well-equipped quarters that are a part oe epeeemnmmnation Sut Suntie easter . ; chem: 


of a modern, multi-million dollar plant. | | Peante . .. . test facilities - Gnd other process 


industries 





915 Olive Street St. Louis 1, Missouri 


Although Air Arm’s home was completed just a little 
over two years ago, construction is already beginning 
on an expansion of engineering facilities. 


This expansion creates a need for experienced Attention 
electronics engineers who have a strong desire to work 


on the projects of tomorrow . . . creating under conditions CONSULTING ENGINEERS 


that are conducive to creativeness. 








As you already know, the field of Control En- 
gineering is growing by leaps and bounds 
| throughout all industries. What you might not 

TO APPLY—SEND LETTER OUTLINING know is that many, many companies have actu- 
‘(i > ally scheduled big programs in instrumentation 

YOUR QUALIFICATIONS TO . say and automatic control for 1955. Many of these 
J : firms, out of mocesaly. will have - —. the 

: { aid of a Consulting Engineer to solve problems 

R. M. Swisher, Jr. { that will arise resulting from this changeover. 
Employment Supervisor, Dept. 120 By offering your specialized services 
Westingh EI iC through a professional card in this “’Profes- 
estinghouse Electric Corp. sional Services Section’: of Control Engineering 

yl j you will attract new clients. Cards are set in 
2519 Wilkens Ave., Baltimore 3, Md. standard size and style as shown above. The 
rates for this service are extremely low. 
$35.00 per quarter on a six-month basis—and 
$30.00 per quarter on a twelve month basis. 
e Bills are rendered each calendar quarter. Cash 

, discount 2%-10th of the month following date 

YOU CAN BE SURE... ITS es In ouse of invoice. Send us your order for the next 


issue now. 
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Among 

important activities 
at Hughes is a 
program involving 
comprehensive 
testing and evaluation 
in connection with 
Hughes-developed 
radar fire control and 
navigation systems 
for latest type 
military all-weather 


interceptors. 


Test 
Engineers 


There is need on our Staff for qualified 
engineers who thoroughly understand 
this field of operation, and who have 
sufficient analytical and theoretical 
ability to define needed tests; outline 
test specifications; assess data derived 
from such tests, and present an evalu- 
ation of performance in report form. 


Engineers who qualify in this area should 
have 1 a basic interest in the system concept 
and over-all operation of test procedures; 
2 experience in operation, maintenance, 
“debugging,” development, and evalua- 
tion testing of electronic systems, and 
knowledge of laboratory and flight test 
procedures and equipment; 3 under- 
standing of basic circuit applications at all 
frequencies; 4 initiative to secure sup- 
porting information from obscure sources. 


Hughes 


RESEARCH AND DEVELOPMENT 


LABORATORIES 
SCIENTIFIC AND ENGINEERING STAFF 


Culver City, Los Angeles County, Calif. 


TELEPHONE 
TYPE 








for 
INDUSTRIAL CONTROL 
Industrial quality 


telephone type INSTALLATIONS 
Jacks of 2 and 3 
circuit types 

with additional 
switching 
arrangements. 
Write for catalogue 


on your letterhead. 








CINEMA ENGINEERING CO. 


DIVISION AEROVOX CORPORATION 
1100 CHESTNUT ST. - BURBANK, CALIF. 





electronic 

= 
_ ee Cw a ah 2 es ce 
en2f2ine<« Sp 
applied 


»hysicists 


wanted to work in basic research and 

development for commercial and 

military applications. 

You will find 

unusual opportunities 

for rapid RESEARCH “sa. 
advancement MAGNAVOx ™> 
and professional LABORATORIES oe 
growth as part of a 

team of recognized scientists 


i, @ Yes. 9 Y tg o> < 


YOU ARE YEARS AHEAD WITH 


and engineers. 


e Advance pulse circuits 
Positions at e Digital system testing 
all levels available 


©@ Magnetic core techniques 
for work in: 


e Data conversion systems 
e Electronic packaging 

© Logical design 

e Semi-conductor circuits 
e Materials research 


For personal interview, MAGNAVOX RESEARCH LABORATORIES* 


send resume to 2255 South Carmelina Avenue, Los Angeles 64, Calif. 


. 
A DIVISION OF THE MAGNAVOK COMPANY 
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CONTROL TRANSMITTER 


IMMEDIATE DELIVERY 


PRODUCTION QUANTITIES 


Operation is as follows: 
The stationary contact is a 
small powerful permanent 
magnet and movable contact 
is iron “‘rider’’ mounted on 
pointer which travels over 





le y 
contact. This contact then 
draws movable contact and 
holds it firmly. Contacts re- 
main closed until reset. 
Will operate directly from a 

#R56! photocell or a group of 
thermocouples. Net weight 14 oz. 
Double contact with Solenoid Reset; Sensi- 
tivity 7.5 Microamps; Reset coil 6-24 VDC or 
24 VAC; Makes contact on increasing or de- 
creasing values; Contacts; “‘Twintacts’’, Ca- 
pacity 100 ma at 110 volts; Nickel plated. 
aoe cover; Weston Model 705 Type 6 
#R560 18.75; 10 for 170.00 
Same as ‘$R560 but with glass face; Weston 
Model 705 Type 6 #R561.19.75; 10 for 180.00 
Single contact (Normally Open), Solenoid 
Reset; Sensitivity; 10 Microamperes; Reset 
coil; 6-24 V DC or 24 V AC; Contact: “‘Twin- 
tact’, capacity 100 ma at 110 volts; Glass 
Face; Weston Model 705 Type 4 #R523.17.75 
0 for 160.00 
Same as #R523 with pe Cover Weston 
Model 705 Type 4 #R52 16.75 
10 for 150,00 


STEPPING SWITCHES 


Mfg by Western 
Electric, Auto- 
matic Electric 
Sales 

Minor Switch 
10 steps and off 

Contacts: Gold 
plated brass; 
Bridging Wiper; 

Operating Volt- 
age 6.0 to 12.0 
Vv. DC 
Net Wt. 1 Ib. 


E 
#R960; Single Level; 6 to 12 VDC. 
#R975; Single Level; 24to36 VDC. 
#R976; Single Level; 48to60 VDC. 
#R977; Two Level; 6 to 12 VDC. 
#R978; Two Level; 24 to 36 VDC. 
#R979; Two Level; 48 to 60 VDC. 


SS6 Mfg. by Western 
Electric Co.; 22 step; 
5 levels; Bridging 
Wipers; Contacts: 
Gold plated brass. 
Interrupter Switch: 1 
Break-Make; Net Weight: 2 Ib. 
“Homing” Type; Double-Ended Wipers; 
Step in One Direction 

5; 6 to 12 VDC. 

; 24 to 36 VDC 

; 48 to 60 VDC.. 
SS7 Mfg. by Western Ele 
2 levels; Bridging Wipers; 
plated brass; Interrupter Switch; 
Make; Net Weight 1 Ib. 14 oz, 
“Homing” Type; Double-Ended Wipers; 

Step in One Direction 

#R927; 6 to 12 VDC 14.75 12.00 
RIS Sb). eee 15.75 13.00 
#RY83; 48 to 69 VDC.... 16.75 14.00 

Production Quantities Available, 

Call Us for Prices. 


SEND FOR COMPLETE CATALOG 


TERMS:—All Prices F.0.B. Our Plant. Rated Firms 
Net 10 Days; All Others Remittance with Order. 
Orders Under $10 Remittance With Order. Plus 
Approximate Shipping Charges (overage will be re- 
turned.) 


Cable Address: UNIGENCOR, N. Y. 


..14.75 12.00 
-15.75 13.00 
16.75 14.00 

.; 44 step; 
Contacts: Gold 
1 Break- 





UNUSUAL CREATIVE FREEDOM 


+ BENAIX 


@ The center of advanced 
development activities for the 
Bendix Aviation Corporation 
offering excellent opportunities 
in design, research and devel- 
opment. 


SYSTEMS ENGINEERS 

To coordinate and supervise a 
group of engineers and mathemati- 
cians in systems analysis and design. 


MATHEMATICIANS 

Evaluation of servo control and 
guidance systems and components of 
a system Analysis of systems and 
applications. 


MACHINE DESIGNERS 

Design of automatic machine tools, 
machine tool hydraulic servos, and 
digitally controlled tools. 


CONTROLS ENGINEERS 
Analyse and synthesize control 


system and design, develop and 
package such systems. 








West Coast 
REPRESENTATIONS WANTED 


A company of engineers with long experience in 
the automatic control field wishes a few more sales 
and oogiererne representations in the control and 
allied fields. Main office in Los Angeles. 


RA-5759, Control Engineering 
1111 Wilshire Blvd. Los Angeles 17, Calif. 














324 CANAL ST., NLY.C., 13, N.Y. Walker 5-9642 
Uni e 


[SAI general corp. __ 
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CONTROL 


ENGINEERING 


Research 


SCABAAABWAWaVw aaa aaaaaary 


SLABAABWBABWAUWAWWAWa Waa aaat, 


Creative Engineering 
Opportunities with Republic 


Vibration Engineer 


Two to five years aircraft vibration experience re- 
quired. Shock and vibration theory and a practical 
knowledge of electromechanical shaker application as 
used in experimental research testing of complete air- 
frames for flutter analyses and component investigation 
essential. Familiarity with usage of accessory electronic 
instrumentation equipment desired. Graduate with M.E. 
or A.E. degree preferred. 


Please address complete resume, 
outlining details of your 
technical background, to: 

Mr. R. L. Bortner 

Administrative Engineer 


SIE PULA AVIATIay 
FARMINGDALE, LONG ISLAND, NEW YORK 


LWARRRARAAAAAWAaeaaaaaas” 


AVIATION RESEARCH 
LABORATORIES DIV. 


COMPUTER ENGINEERS 
Development of special purpose 

digital and analog computers for 

process and business applications. 


MICROWAVE SPECIALISTS 
Research and development in ad- 
vanced microwave techniques. 


MECHANICAL ENGINEERS 

Develop mechanical and hydraulic 
components for servo controls. Sys- 
tems engineering and dynamic analy- 
sis of numerically controlled machine 
tools. 


© Stoff will participate in the initial 
expleration of new flelds and the 
development of new commercial 
products. 


All replies confidential — 
send brief resume to: 
DIRECTOR OF PERSONNEL 
BENDIX AVIATION CORPORATION 
RESEARCH LABORATORIES DIVISION 
4855 Fourth Avenue ¢ Detroit 1, Mich. 





REPLIES (Bor No.): 
NEW YORK: _ W. 42nd St 
CHICAGO: N. itichigan ye (11) 
SAN FRANCISCO: 68 Post St. (4) 
LOS ANGELES: 1111 Wilshire Blvd. (17) 


POSITION VACANT — 
EDITOR-WRITER for N.Y.C. spare time as- 
signment. Know automation; be able to write 
clearly, concisely. Give full details; our staff 
knows of this advertisement. P-5691, Control 
Engineering. 





Address w - nearest you 
36) 


AWABABRAAARAABRRAAAABAT” 
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e Electronic « Electromechanical 








ENGINEERS 
PHYSICISTS 





SALES ENGINEERS 


Enjoy 
These Advantages! 


In addition to paid vacations, liberal pension 
plans and numerous other valuable health and 
hospitalization benefits for you and your family, 
we provide cooperative educational aid at one 
of the many technical schools in the Philadel- 
phia area for qualified applicants who find our 
center an ideal work-shop in which to secure the 
desired recognition in their chosen fields. 


Your family, too, is important! And, here at 
Paoli, a delightful suburban community, thirty 
minutes from Philadelphia, you will find the 
cultural atmosphere as well as the educational 
facilities required for your children. 


We will pay travel expenses for all applicants 
invited to visit our NEW Research Center to 
consider the application of their educational 
and/or work background to the many challeng- 
ing problems we are engaged in for industry 
and the nation’s welfare. 


If you want the BEST for yourself and your 
family, consider NOW your qualifications for 
the openings listed on the right and — 


Write L. E. DICK, Personnel Manager 
BURROUGHS RESEARCH CENTER 


Paoli, Pa. 


Located on 
PHILADELPHIA’S 
“MAIN LINE” 


SeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeseeeeeeeeegeeePrseeeeeeeees 


é:Jurroughs 


Research Center, Paoli, Pa. 
Grits Gou 
To Inspect Its Openings on Both 
Commercial & Sponsored Projects 


If you possess an educational and/or work background in 
Communications, Data Handling, Electronic, or Electro- 
Mechanical Business Machines...including such specifics 
as High Speed Mechanisms, Paper Handling Devices, 
Magnetic-Tape Transport Mechanisms, Magnetic-Drum 
or Tape Applications, Radar, Telemetering, Guided Mis- 
siles, Process Control Instrumentation, Digital and Ana- 
log Computers, Transistor and Magnetic Circuit Design 
and Analysis, Magnetic Amplifiers, Servo Mechanisms, 
and Electronic Packaging Design . . . 


CONSIDER THESE OPENINGS AS 
ELECTRICAL ENGINEERS; Junior & Senior 

@ MECHANICAL ENGINEERS; Junior & Senior 

@ LOGICAL DESIGNERS e@ PHYSICISTS 

@ PROJECT ENGINEERS 


& SALES ENGINEERS to sell E-101 electronic desk 


computers in all sections of the country. Sales & Technical 
experience in allied lines desirable. 


APRIL 





CONTROL TRANSMITTER 


CALLING CARD FOR 
A BRILLIANT FUTURE... 


Bendix Missile Section is a major contractor in the U.S. Navy’s guided 
missile program --a part of the “new look” in our defense plan. Our 
expanding program has many opportunities for senior engineering 
personnel: Electronics Engineers, Dynamicists, Servo- Analysts, Stress 
Analysts, Project Coordinators, and Designers. Take time now to look 


‘into the opportunities which Bendix can offer you. Write Employment 
Dept. M, 401 Bendix Drive, South Bend, Indiana. 











oe 
Engineers — 
DESIGNERS-DRAFTSMEN 


Electronic and Mechanical 


"You Just can't hardly 
find then ho more” 





OPPORTUNITIES like those now available at 
Melpar are difficult to find. Melpar, leader in elec- 
tronic research and development, offers unlimited 
opportunities for personal advancement . . . un- 
excelled laboratory facilities at its new plant... 
diversified and challenging projects... long-range 
military and industrial program . . . and a new 
way of life in pleasant suburban Fairfax County 
in northern Virginia. Yes, “you just can’t hardly 
find opportunities like them no more.” 


For personal interview send resume to 
Technical Personnel Representative, 


melpar, inc. 


Subsidiary of Westinghouse Air Brake Co. 
3000 Arlington Bivd., Dept. CE-8 
Falls Church, Virginia 
or 11 Galen St., Watertown, Mass. 








New positions created 
by our expansion require men 


with experience in the following fields: 


Network Theory 

Microwave Technique 

UHF, VHF or SHF Receivers 
Analog Computers 

Digital Computers 
Magnetic Tape Handling 
Equipment 

Radar and Countermeasures 
Packaging Electronic 
Equipment 

Pulse Circuitry 

Microwave Filters 

Flight Simulators 
Servomechanisms 
Electro-Mechanical Design 








ENGINEERS 


The APPLIED PHYSICS LABORATORY OF THE 
JOHNS HOPKINS UNIVERSITY offers an ex- 
ceptional opportunity for professional advance- 
ment in a well-established laboratory with a 
reputation for the encouragement of individual 
responsibility and self-direction. Our program 
of 


GUIDED MISSILE 
DEVELOPMENT 


provides such an opportunity for men 
qualified in: 
ELECTRONIC CIRCUIT DESIGN AND 
ANALYSIS 


DEVELOPMENT AND APPLICATION OF 
TRANSITOR CIRCUITRY 


SERVOMECHANISMS AND CONTROL 
SYSTEM ANALYSIS 


ELECTRONIC EQUIPMENT PACKAGING 
INSTRUMENT DESIGN 

MISSILE SYSTEMS DEVELOPMENT 
FLIGHT TESTING 


Please Send your resume to 
Professional Staff Appointments 


APPLIED PHYSICS LABORATORY 


THE JOHNS HOPKINS UNIVERSITY 
8621 Georgia Avenue 
Silver Spring, Maryland 














UNIVERSITY of MICHIGAN 


ENGINEERS and 
SCIENTISTS 


Unusual opportunities for out- 
standing and experienced men are 
available at the University of 
Michigan's Willow Run Research 
Center. Research Engineers and 
Physicists with advanced degrees 
and/or experience in the fields of: 


DIGITAL COMPUTER LOGICAL DE- 
SIGN @ INFRARED @ ACOUSTICS @ 
DIGITAL COMPUTER PROGRAMMING 
ELECTROMAGNETIC THEORY @ COM- 
MUNICATIONS CIRCUIT DESIGN @ 
COMPONENT DEVELOPMENT e 
RADAR @ OPTICS ENGINEERING @ 
SYSTEMS DESIGN 


Salary commensurate with training and 
experience. Excellent working condi- 
tions. Liberal vacation policy along 
with other fringe benefits. Unusual 
opportunity to carry on University 
graduate studies while working full 
time. Moving expenses paid. U. S. 
Citizenship required. 


Write, giving details of education 
and experience, to 
W. N. MacDonald, Personnel Office 
University of Michigan 
Willow Run Research Center, 
Ypsilanti, Michigan 
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ENGINEERS 


LONG-RANGE, 
CONTINUING 
OPPORTUNITY 
FOR 
ELECTRICAL 
AND 
MECHANICAL 


ENGINEERS 


Ret yr” 


OPENINGS EXIST FOR 
COMPUTER ENGINEER 


Requiring an engineering degree in 
electrical engineering or math and 
physics, plus a minimum of three years 
of computer activity. To handle pro- 
gramming in the simulation and study 
of jet and reciprocating engine fuel sys- 
tems. Problems involved would be lin- 
ear and non-linear in nature and ap- 
plied to product design as well as 
research into basic phenomena. No 
maintenance ability necessary. 


MAGNETIC AMPLIFIER 
SYSTEMS ENGINEER 


Electrical engineer supervisory capacity 
on research and development of mag- 
netic amplifier circuitry, control systems, 
and component design and testing, su- 
pervising other engineers and techni- 
cians. 


LIQUID PROPELLANT 
ROCKET CONTROLS 
ENGINEER 


Mechanical or electrical engineer to 
supervise the research and develop- 
ment of liquid propellant rocket con- 
trols, systems design, component design, 
development, and testing. 


The salary of these positions 
will be determined by your 
ability and experience. 


Send detailed resume listing education, 
engineering experience, and salary re- 
quirements to: 
Technical Employment Department 
Box 255-CE 
Bendix Products Division of 


Bendix Aviation Corporation 
401 North Bendix Drive 
South Bend 20, Indiana 


We guarantee you 
an immediate reply. 
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4300 mph 


You're looking up—at a great future in the world 
of flight. 
The Martin men who engineered the 4300 MPH 
Viking Rocket are now considering vehicles with 
speeds beyond mach 20. And of course, at these 
speeds, the moon doesn’t have to be the earth’s 
only charted satellite. 
Interesting? Martin research in the rocket field 
is only one of many exciting new long-range 
developments which are creating exceptional 
opportunities and futures on projects of the high- 
est priority and promise. 
If you’re a creative engineer with an eye for the 
big chance, look up! And look into the Martin 
story. 
Contact J. M. Hollyday, Dept. C-4, The Glenn 
L. Martin Company, Baltimore 3, Maryland. 
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++. any moving metal object 


““AUTOMATES” YOUR OPERATION 
or ACTUATES INSTRUMENTS 


through these 


ELECTRO PICK-UPS 


-. . Without contact or “loading” 


PROXIMITY 
PICK-UP SYSTEM 


Ideal for use where ac- 

tuating object moves 

slowly. A high fre- 

quency carrier-operated 

transducer that works 

on a principle like that 

of a military mine de- 

tector. A constant am- 

plitude of 5 volts is 

produced when any 

metallic mass is Mode} 
brought near the pick- 4900 
up. Output voltage is independent of 
the speed of the actuating object. Volt- 
age can be amplified to do mechanical 
work synchronized with the exciting ob- 
ject or fed to a measuring or counting 
instrument. 


MAGNETIC PICK-UPS 


Produce AC voltage pro- 
portionate to rate of mo- 
tion of any magnetic 
metal object traveling 3” 
per second or faster. 





[Flectra) ELECTRO PRODUCTS 


For use where space is 
limited—same speed ra- 
tio characteristic as the 
3010-A ...up to 25% of 
its output. 





Model 3015 
Electro Pick-ups are actuating synchronized au- 


tomatic operations in many industries—send to- 
day tor details of how they can work for you! 


LABORATORIES 
Dpt. CE-4 4501 Ravenswood, Chicago 40, Ill. 


Name 





> 
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Canada: Atlas Radio Corp., Ltd., Toronto 
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stability is @ must... 
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PRECISION 
TRIMMER POTENTIOMETERS 


small..compact..precise 
Engineered to the high standards of TIC 
Quality ... a familiar standard of com- 
parison. Environmental tested for MIL- 
E-5272A. TIC’s Trimmer Potentiome- 
ters may be used as adjustable 


. resistors or voltage dividers. 
i] 
* Adjusting scale factors of functions basically derived by 
other potentiometers 
RV'/, — Pinpointing circuit values of voltage, current, or resistance 
———_ _Sy = Balancing adjustments 
_ Critical magnetic or electric bias 
Padding or fixed reference circuits 
Establishing critical threshold voltages 


Fixed gain adjustments 
Compensation for variable parameters 


e 4” diameter, threaded bushing 
mounting, stainless steel case 
© Dissipation: 1.5 watts at 25°C 
e Resistance values: 50 ohms to 15K 
Temperature Range: —55°C to _ f 
+go0°c AT ones RFT SUBMINIATURE ’ RVH] HIGH 
: © METLFILM > 
ae S TRIMMER TEMPERATURE 
© 13/32” x .400 x 1 21/64”, rectan- pe eee 
gular case, 2 screw eyelet mount, 
RV’/s 25 turn lead screw adjustment 
m MINIATURE e Size permits stacking 7 per square 
= TRIMMER inch 


Infinite resolution 





1” diameter, threaded bushing 
mounting, aluminum cup construc- 
tion 
Dissipation: 2 watts at 25°C, 0.5w 
7%” diameter, threaded bushing rage , at + 130°C 
mounting, aluminum cup construc- Dissipation: 0.5 watts at s Resistance values: 100 ohms to 5K 
tion Resistance values: 50 ohms to 25K aie rae 
‘ perature range: 55°C to 
Dissipation: 2.0 watts at 25°C Temperature range: —55°C to 445°C 
e Resistance values: 50 ohms to 15K + 125°C 
Temperature range: 55°C to 


TECHNOLOGY INSTRUMENT CORP. 


523 MAIN ST., ACTON, MASS. COlonial 3-7711 
West Coast Mail Address P.O. Box 3941 North Hollywood, Calif. POpiar 5-8620 





Face up to AUTOMATION 


let’s take a few minutes to remove any mental block pre- 


venting you from a basic appreciation of the new concepts of data reduction and 


automation. Already you achieve an unbelievable amount of data processing in your 


own personal life: you combine information concerning your income, your required 


expenditures, the age and physical state of your car, your wife’s feelings about style 


. and you process these data mentally to conclude that you will or will not buy a 


new car. The answer is not straight-forward, but it has its logic. 


Similarly, data handling systems and data reduc- 
tion systems supply awtomatically a humanly-deter- 
mined logic to various pieces of information, and 
arrive at the compact answer which you—the process 
or manufacturing supervisor—feel is most important. 
You used to look at the information given by a 
heterogeneous collection of instruments measuring 
temperature, pressure, flow rates, tank levels, et 
cetera, and mentally decide whether or not the 
process was performing up to par: generally no one 
temperature or pressure or tank level was sufficient 
information. Nowadays, data handling systems can 
automatically “look’’ at these process variables for 
you, interpret them, and tell you d/rect/y whether or 
not the process is up to par—and if it isn't, the data 
handling systems can usually be made to tell you very 
specifically what to do to correct the inefficiencies. 


You supply the logic 

All that the data handling systems are doing, 
therefore, is automatically and consistently applying 
your logic to the available information from process 


or manufacturing operation to give you unhestitat- 
ingly—and directly—the specific answer you demand. 


So much for data handling, data processing, or 
data reduction. Let’s see if we can determine where 
the automation comes in. 


Normally speaking, once you have analyzed the 
state of the process—either by evaluating the vari- 
ables humanly, or by relying on an automatic data 
handling system—you must decide whether correc- 
tive action is necessary or whether the process is 
going along satisfactorily. If you do apply corrective 
action—you do so according to a logic which you 
have determined by experience. Both the decision to 
apply corrective action and the specific correction 
applied are logically arrived at. 


Here's where automation can enter the picture. 
If you set up a system of automatic devices—a com- 


puter, more or less 
sion making” 


to carry out the /ogic of “deci- 
and “correction initiating,’ you have 
an automated process. 


Realize that systems of data reduction or of auto- 
mation are based on cold logic—there is no magic 
about them. Yow have to establish the logic, further- 
more, before such systems can be effected. The sys- 
tems merely Save you the time and effort of repeating 
the logical reasoning and physical corrective action 
over and over again. 


When do these systems become feasible? 
Many such systems have been operating for years 
in certain fields of research, process operation, and 
factory production. When any information collect- 
ing and logical processing become repetitive—and 
when logical decisions and actions also become repeti- 
tive—data reduction and automation systems are 
generally possible. A thorough analysis of time and 
effort saved—of increased efficiency 
economic feasibility of such systems. 


will reveal the 


Who can help you know when such systems 
are suited to your operation? 


The Data Reduction and Automation Division of 
Fischer & Porter Company has engineers whose sys- 
tems experience dates back to 1941. The practical 
know-how of these men has been recently demon- 
strated in the manufacture of the F&P Automatic 
Logger, the F&P Multiple Pressure Readout System, 
the several types of F&P Digi-Coder analog-to-digital 
converters, and other ready-made packaged systems 
suited to immediate installation in many processing 
or manufacturing plants. These men can help you 
analyze your specific needs. 


So if you would like to talk facts and figures on 
data reduction and automation system for your par- 
ticular operation, write or call the nearest F&P 
office now. 


Fischer & Porter Company, Hatboro, Pa. 


745 County Line Road 


FR complete process instrumentation 
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